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ROBERT    ALFRED    CLOYNE    GODWIN-AUSTEN. 

B.A.,   F.&.8.,    P.O.  8. 

AS  Time  progresses,  Geology,  although  eomparatively  a  modem 
Science,  yet  looks  back  upon  its  early  and  honoured  leaders, 
much  in  the  same  way  as  Art  regards  its  **  Old  Masters."  Those 
pioneers  have  all  left  us,  and,  alas  1  few  even  of  the  distinguished 
men  who  belong,  as  it  were,  to  a  second  generation  now  remain. 
Of  these,  who  in  their  turn  have  become  veterans  in  the  science,  we 
have  recently  to  deplore  the  loss  of  Mr.  God  win- Austen. 

The  rapid  progress  of  geology  has  been  largely  due  to  the  labours 
and  in^uence  of  particular  individuals  ;  men  who,  while  diligent  in 
the  observation  of  fact,  have  by  a  wide  grasp  of  the  subject  been 
able  to  apply  their  detailed  knowledge  to  the  solution  of  the  larger 
problems  of  Nature ;  who  by  their  enthusiasm  have  kindled  a  love 
of  science  in  others,  and  by  their  philosophical  and  suggestive 
writings  have  served  to  direct  the  inquiries  of  less  gifted  students. 
Among  such  individuals  no  one  takes  higher  rank,  or  was  more 
cordially  respected,  than  Mr.  God  win- Austen,  while  his  genial  and 
courteous  manners  endeared  him  to  all  who  had  the  privilege  of  his 
acquaintance. 

•*  Pre-eminently  the  physical  geographer  of  bygone  periods  "  (to 
Tiae  the  words  of  Murchison)  was  the  subject  of  our  present  sketch. 
And  we  cannot  do  better  than  quote  other  words  of  the  same 
authority  spoken  in  1862,  on  handing  to  Mr.  God  win- Austen  the 
Wollaston  Medal. 

"  Yon  have  distinguished  yourself  during  a  long  series  of  years 
by  your  successful  inquiries  into  the  former  changes  of  land  and 
water  from  the  PalsBOZoic  age  to  modem  times. 

"Persistently  keeping  that  great  object  in  view,  you  have  put 
forth  well-founded  hypotheses,  based  on  actual  and  numerous  obser- 
vations, which  have  raised  the  philosophical  character  of  our 
science.  Your  sedulous  study  of  the  organic  remains,  as  well  as  the 
materials  of  the  beds  themselves  of  each  formation  which  you  have 
examined,  and  your  laborious  tracings  of  various  lines  of  disloca- 
tion, have  all  been  made  subservient  to  that  one  great  end." 

Mr.  Grodwin-Austen  was  bom  in  the  year  1808,  and  was  the 
eldest  son  of  the  late  Sir  Henry  E.  Austen,  who  died  in  1871.  In 
1833   Mr.  Austen  married  Maria   Elizabeth,  only  daughter  and 
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heiress  of  the  late  General  Sir  Henry  T.  Godwin,  K.C.B.  (who  com- 
manded the  British  Array  in  Pegu  and  Burma).  He  took  the 
additional  name  of  Godwin  by  Royal  lioence  in  1854. 

On  March  19th,  1830,  Mr.  Austen,  then  of  Lincoln's  Inn,  was 
elected  a  Fellow  of  the  Geological  Society  of  London.  Sedgwick 
was  then  President  of  the  Society,  and  Lyell,  Horner,  Buckland, 
De  la  Beche,  Murchison,  Greenough,  and  Whewell,  were  among  the 
prominent  Members  of  its  Council.  Mr.  Austen's  certificate  was 
signed  by  the  three  first-named  geologists. 

Four  years  later  (November  19,  1834)  Mr.  Austen  read  his  first 
paper  before  the  Society,  and  from  that  date,  until  within  the  last 
few  years,  he  never  oeased  to  take  an  active  part  in  its  proceedings. 
In  1841  he  was  elected  a  Member  of  the  Council  of  the  Society, 
and  in  1843  and  1844,  and  again  subsequently,  he  acted  as  one  of 
the  Honoi-ary  Secretaries.  He  has  also  filled  the  post  of  Foreign 
Secretary  and  served  as  Vice-President.  Never,  however,  was  he 
appointed  to  the  Presidential  Chair  of  the  Society,  although,  wo 
believe,  he  was  repeatedly  solicited  to  accept  the  honour :  and  cer- 
tainly no  one  ever  possessed  higher  qualifications  for  the  office. 

Mr.  Austen  became  a  Member  of  the  British  Association  in  1840, 
and  he  occupied  the  Presidential  Chair  of  the  Geological  Section 
at  Norwich  in  1868,  and  again  at  Brighton  in  1872.  He  was  elected 
a  Fellow  of  the  Koyal  Society  in  1849. 

Soon  after  being  elected  a  Fellow  of  the  Geological  Society,  Mr. 
Austen  went  to  reside  at  Ogwell  House,  near  Newton  Abbot  Devon- 
shire thus  early  became  the  seat  of  his  field-labours,  and  his  associa- 
tion with  De  la  Beche,  whose  book  entitled  **  Eesearches  in  Theoretical 
Geology"  (published  in  1834),  has  ever  been  looked  on  as  one  of  the 
most  philosophical  works  on  the  science,  no  doubt  inspired  the  younger 
geologist,  who  became  as  it  were  a  disciple  of  that  great  master. 

De  la  Beche  mentions  that  in  the  district  extending  from  Dart^ 
mouth  to  Chudleigh,  he  was  principally  indebted  for  the  lines  on  thb 
part  of  the  Geological  Survey  Map  of  Devon  to  Mr.  Austen,  who 
had  examined  the  district  in  great  detail.'  Prof.  Phillips,  too, 
mentions  the  **  splendid  series  of  fossils,  chiefly  from  the  calcareous 
strata  of  the  vicinity  of  Newton  Bushel,  the  fruit  of  the  personal 
exertions  of  Mr.  Austen  during  his  residence  at  Ogwell  House."* 
These  fossils  were  subsequently  presented  to  the  Museum  at  Jermyn 
Street. 

Mr.  Austen's  observations  are  recorded  in  his  paper  on  the  South- 
east of  Devonshire,  in  which  are  embodied  the  separate  communi- 
cations on  the  district,  made  to  the  Geological  Society  of  London 
during  the  years  1834-1840.  The  map  accompanying  this  paper 
shows  the  area  investigated  and  described  by  the  author,  and  was 
at  the  time  one  of  the  most  detailed  geological  maps  published.  In 
the  mean  time  the  observations  of  Sedgwick  and  Murchison,  aided 
by  the  paleeontological  labours  of  Lonsdale,  had  led  to  the  founda- 

^  Report  on  the  Geology  of  Cornwall,  Devon,  and  West  Somerset,  1839,  p.  69. 
*  Figures  and  Descriptions  of  the  Palaeozoic  Fossils  of  Cornwall,  etc.,  1841,  p.  tL 
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tion  of  the  DoTonian  System.^  This  term  was  not  however  adopted 
by  Mr.  Austen,  whioh  he  states  was  '*  not  owing  to  ignorance  of  its 
value  as  a  geological  group,  but  beoaqse  such  a  name  is  at  variance 
with  the  nomenclature  of  well-established  groups,  and  because  the 
beds  form  only  one  portion  of  a  great  primary  fossiliferous  series 
for  which  we  already  possess  materials  for  subdivisions  founded  on 
zoological  views,  which  are  preferable  to  geographical  ones." 

The  details  of  this  complicated  region  in  South  Devon  are  de- 
scribed in  the  most  able  manner  by  Mr.  Austen.  While  noting  the 
connection  of  the  numerous  isolated  masses  of  the  Great  Limestones, 
he  observed  that  in  places  they  appeared  to  end  abruptly,  or  to  thin 
away  and  pass  into  shaly  beds.  He  concluded  that  in  their 
structure,  as  well  as  in  the  position,  preservation,  and  grouping  of  the 
corals,  the  calcareous  rocks  of  South  Devon  afford  abimdant  evidence 
that  their  production  was  analogous  to  that  of  modern  coral  reefs. 
More  recent  observations  tend  to  show  that  many  of  the  isolated 
masses  of  limestone  are  separated  by  faults ;  and  this  is  conspicu- 
ously the  case  with  the  Chudleigh  Limestone,  whioh,  although 
regarded  by  Mr.  Austen  as  belonging  to  ''  the  slate  and  calcareous 
system  "  of  South  Devon,  was,  owing  to  its  apparent  intercalation  in 
the  Culm-measures,  placed  with  that  group  on  the  Geological  Survey 
Map.  De  la  Beche  indeed  admitted  the  difficulties  in  the  way  of 
such  a  grouping.*  When,  however,  we  recollect  the  large  areas 
investigated  by  the  older  geologists,  and  that  they  commenced  their 
labours  in  regions  about  which  little  or  nothing  was  previously 
known,  we  cannot  too  highly  estimate  the  work  which  they  achieved. 
And  in  South  Devon  nothing  but  a  detailed  geological  survey  on 
the  six-inch  scale  is  likely  to  unravel  the  many  intricate  points  of 
structure,  and  settle  beyond  question  the  classification  of  the  various 
groups  of  rocks. 

It  is  interesting  to  read  in  this  early  paper,  that  Mr.  Austen 
noticed  the  association  of  human  remains,  **  such  as  arrow-heads  and 
knives  of  flint,"  with  other  reliquice,  in  clay  beneath  the  stalagmite 
of  Kent's  Hole.  Equally  noteworthy  are  his  suggestions  that  the 
"  Terminal  Curvature  "  of  strata  and  the  Raised  Beaches,  furnish 
indications  of  a  much  colder  period. 

Mr.  Austen's  attention  was  now  directed  to  the  geology  of  his 
proper  home-county,  Surrey;  and  for  many  years  he  resided  at 
Chilworth  Manor  House,  near  Guildford. 

In  1843  he  communicated  (in  two  papers)  to  the  Geological 
Society  some  general  observations  on  the  geology  of  SuiTey,  pre- 
facing them  with  the  remark — needful  enough  at  the  time — that  the 
Wealden  area  was  not  in  its  present  state  a  valley  of  elevation,  and 
moreover,  that  those  movements  of  the  earth's  crust,  which  were 
thought  to  be  confined  to  that  area,  could  be  traced  westwards,  and 
evidently  did  not  commence  until  after  the  completion  of  the  lower 
Tertiary  series.    These  papers  are  of  great  interest  as  indicating  the 

*  Sedgwick  and  Murchison,  Trans.  Geol.  Soc.  ser.  2,  Yol  y.    At  p.  661,  assistance 
receiYed  from  Mr.  Austen  is  acknowledged. 
»  Eeport,  pp.  74,  146, 
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succession  of  organic  remains  in  the  Cretaceous  and  Neocomian 
rocks ;  a  saooession  which  in  more  recent  years  has  been  marked  out 
into  various  "  zones."  These,  and  indeed  all  the  papers  of  Mr. 
Austen,  exhibit  his  extensive  personal  observation,  combined  with 
the  most  philosophical  deductions,  while  at  the  same  time  they  indi- 
cate his  extensive  acquaintance  with  the  writings  of  others  both  at 
home  and  abroad.  No  doubt  in  later  years  he  must  have  felt  the 
great  diflBculty,  which  Lyell  and  all  others  have  admitted,  of  keeping 
pace  with  the  ever-increasing  geological  literature,  that  spreads  like 
a  deluge  over  the  greater  part  of  the  civilized  regions  of  the  globe. 

Mr.  Austen  was  one  of  the  earliest  English  geologists  to  adopt 
the  term  Neocomian,  and,  as  Professor  Judd  has  remarked,  many  of 
his  papers  expose  "  the  viciousness  of  the  term  *  Lower  Greensand,* 
and  indicate  the  necessity  for  a  change."  ^  The  change  is  coming  no 
doubt,  though  its  slowness  in  coming  shows  how  difficult  it  is  to  get 
rid  of  old  and  well-known  names;  and  may  teetch  us  that  they 
should  never  be  replaced  by  new  terms  tfnless  the  old  ones  are 
absolutely  unjust  or  misleading.  It  would  be  impossible  in  our 
limited  space  to  do  justice  to  the  many  important  papers  contributed 
by  Mr.  Austen,  and  we  must  refer  our  readei*s  to  the  list  appended 
to  this  article. 

We  should  not,  however,  omit  to  notice  Mr.  Austen's  remarks  on 
the  Phosphate  beds  in  the  neighbourhood  of  Famham  and  Guild- 
ford, a  subject  which  had  grown  into  great  importance  through  the 
observations  made  on  the  so-called  "  Coprolites "  of  the  Eastern 
Counties  by  Professor  Henslow.  Mr.  Austen  regarded  the  phos- 
phatic  matter  as  of  animal  origin,  and  pointed  out  that,  "  whereof  he 
casts  of  bivalve  shells  and  ammonites  are  filled  with  matter  con- 
taining phosphate  of  lime,  these  forms  must  have  been  first  inclosed 
in  the  sand,  that  then  the  proper  shelly  matter  was  removed,  and 
finally  that  the  earthy  phosphate  occupied  the  place  of  the  hollow. 
He  supposes  that  the  phosphoric  acid  may  have  formed  part  of  the 
coprolitic  matter  of  the  time,  this  matter  in  part  preserved  with  its 
original  external  form,  while  more  frequently  it  was  broken  up,  and 
the  component  portions  diffused  amid  the  sand  and  ooze."  ^ 

In  his  paper  on  the  superficial  accumulations  of  the  coasts  of  the 
English  Channel,  we  have  one  of  the  earliest  attempts  to  indicate 
the  sequence  of  events  in  the  Post-Pliocene  period,  from  the  testi- 
mony of  Eaised  Beaches,  Submerged  Forests,  Angular  detritus,  etc. 
This  subject  was  followed  up  in  a  later  paper  dealing  more  par- 
ticularly with  the  newer  deposits  of  the  Sussex  Coast.  In  this 
latter  paper  he  points  out  how  depressions  and  elevations  have 
tended,  by  removing  from  the  action  of  the  sea  a  more  easily  dis- 
integrated stratum,  or  by  bringing  up  a  less  destructible  one,  to 
accelerate  or  retard  the  various  agents  of  denudation.  One  curious 
illustration  of  depression  is  derived  from  the  form  of  the  bottom  of 
the  English  Channel,  which  Mr.  Gk>dwin- Austen  represents  as  ex- 

1  Gbol.  Mao.  Vol.  VII.  p.  224. 

>  De  la  Becbe,  Address  to  Geol.  Soc.  1849,  p.  66. 
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hibiting  ''lines  of  troughs  and  an  advancing  platform  indicative 
of  an  old  coast-line."  A  more  striking  proof  is  derived  from  the 
mollusca  in  the  Selsea  deposits,  which  indicate  by  their  habits, 
shallow-water  and  marginal  conditions,  that  the  eastern  extension 
of  the  Channel  at  that  period  may  be  represented  by  a  line  extend- 
ing from  the  coast  of  Sussex  to  that  of  Normandy,  and  that  the 
remaining  portion  of  what  is  now  the  eastern  end  of  the  English 
Channel  was  in  the  condition  of  dry  land.*  Subsequently,  the  Selsea 
erratic  boulders  were  drifted  into  the  position  they  now  occupy. 

Mr.  Godwin-Austen  showed,  so  early  as  1837,  that  in  Devonshire 
there  were  terraces  of  gravel  fringing  the  valleys ;  and  in  1851  and 
18o5,  in  correlating  these  and  other  Quaternary  deposits,  he  con- 
sidered that  the  ancient  low-level  alluvia  of  the  Thames  and  Seine 
valleys,  and  the  old  beach  and  the  Elephant-beds  of  Brighton,  were 
anterior  to  the  Boulder-clay,  and  he  was  further  of  opinion  that  river- 
and  ice-action  had  played  an  important  part  m  producing  these 
valley  deposits.  He  also  suggested  that  the  Thames  was  originally 
a  tributary  of  the  Rhine.' 

In  1855  Mr.  Austen  brought  before  the  (Geological  Society  his 
celebrated  paper  ''  On  the  possible  Extension  of  the  Coal-measures 
beneath  the  South-eastern  part  of  England  *' — the  most  important 
and  suggestive  philosophical  essay  which  the  Society  has  received. 
Judging  from  facts  brought  to  light  in  working  the  Coal-measures 
of  Belgium  and  the  North  of  France,  "  and  reasoning  also  on  theo- 
retical considerations  connected  with  the  extension  of  the  old  coal- 
growth  in  the  west  of  Europe,  Mr.  Gk)dwin- Austen  concluded  that 
Coal-measures  might  possibly  extend  beneath  the  south-eastern  part 
of  England."  Illustrating  his  remarks  by  a  map,  *^  he  showed  that 
the  Coal-measures  which  thin  out  under  the  Chalk  near  Th6rouanne 
probably  set  in  again  at  or  near  Calais,  and  are  prolonged  (beneath 
the  Tertiary  strata  and  the  Chalk)  in  the  line  of  the  Thames  Valley 
parallel  with  the  North  Downs,  and  continue  thence  under  the  valley 
of  the  Rennet,  into  the  Bath  and  Bristol  coal  area.  He  showed, 
upon  well-considered  theoretical  grounds,  that  the  Coal-measures 
of  a  large  portion  of  England,  France,  and  Belgium  were  once 
continuous,  and  that  the  present  coal-fields  were  merely  fragments 
of  a  great  original  deposit,  which  he  inferred  had  been  broken  up  in 
two  directions  previously  to  the  deposition  of  the  Secondary  rocks. 
He  showed  that  the  main  line  of  disturbance  had  a  general  east  and 
west  direction,  that  part  of  it  formed  the  great  anticlinal  of  the 
Ardennes,  by  which  the  Belgian  coal-field  had  been  tilted  up,  and 
brought  to  the  surface,  and  that  the  Mendips  with  the  Somerset  coal- 
field were  on  the  same  line  of  strike."  ' 

This  is  but  a  brief  outline  of  the  general  conclusions  arrived  at  in 

^  We  are  indebted  to  the  Addresses  to  the  Geological  Society  of  Mr.  W.  Hopkins, 
1852,  and  of  Col  J.  E.  Portlock,  1867,  for  notices  of  these  papers. 

*  Prestwich,  Phil.  Trans.  1864,  p.  249  ;  Lyell,  Antiquity  of  Man,  ed.  4,  pp.  323, 
830. 

'  We  take  these  remarks  from  the  Report,  by  Prof.  Prestwich,  on  the  probabilities 
of  finding  coal  in  the  Sonth  of  England^  p.  146  (Beport  Coal  Comm.  toi.  i.  1871). 


Digitized  by 


Google 


6  Life  of  R.  A,  C.  ChdwifhAwiten. 

^e  paper,  which  really  deals  with  the  physical  geography  of  the 
European  area  at  many  past  epochs. 

The  remarks  on  the  PaleBozoio  areas  are  of  especial  interest  at  the 
present  day,  for  the  grouping  adopted  by  Mr.  Austen  is  one  which 
connects  the  Devonian  or  Eifelian  with  the  Upper  Silurian,  and  the 
Old  Red  Sandstone  with  the  Carboniferous  Series.  He  remarks  that 
'<  the  limits  of  the  lacustrine  Old  Bed  Sandstone  of  the  Welsh  area 
are  tolerably  well  defined  ;  they  hardly  extended  as  far  north  as 
ordinary  geological  maps  now  carry  that  group,  inasmuch  as  the 
red  beds  which  underlie  the  coal-measures  of  Coalbrook  Dale  belong 
to  the  uppermost  Ludlow  beds,  with  Lingtda  cornea^  eta" 

As  Dr.  A.  Qeikie  observes,  **  The  first  attempt  to  point  out  the 
distinction  between  the  typical  old  Red  Sandstone  areas  and  those 
where  rocks  of  the  Devonshire  type  occurred  was  made  by  Mr. 

Qodwin-Austen  in   his  very   suggestive  memoir [which] 

opened  up  a  new  era  in  the  investigation  of  the  history  of  the  Old 
Red  Sandstone."  ^ 

In  a  paper  read  before  the  British  Association  in  1870,  Mr.  Austen 
suggests  that  the  Devonian  system  may  be  a  triplex  group — ^partly 
Upper  Silurian,  partly  Devonian  proper  (Eifelian).  and  partly 
Carboniferous. 

In  the  preface  to  his  "  Contributions  to  the  Physical  History  of  the 
British  Isles"  (1882),  Prof.  Hull  remarks,  "Amongst  those  to 
whom  I  am  indebted  for  light  thrown  on  the  internal  structure  of 
the  British  Isles,  there  is  one  name  which  takes  unquestioned  pre- 
cedence— that  of  Mr.  R.  Godwin-Austen — in  whose  elaborate  essay, 
published  in  1866  by  the  Geological  Society  of  London,  many  of  the 
problems  since  elucidated  by  experiment  were  investigated  and 
solved.  In  reperusing  that  essay  by  the  light  of  subsequent  dis- 
coveries, I  have  been  profoundly  impressed  by  the  knowledge  of 
details  which  its  author  evinces  regarding  the  geological  structure  of 
the  region  of  which  he  treats,  and  the  masterly  manner  in  which,  by 
the  handling  of  these  details,  he  has  enabled  us  to  understand  the 
physical  features  of  Western  Europe  in  past  times.  I  feel  persuaded 
that  that  essay  will  ever  be  considered  a  masterpiece  of  geological 
induction." 

Tbe  results  of  the  deep  borings  at  Kentish  Town,  Harwich,  and 
more  recently  in  other  places  in  the  South-east  of  England,  have 
verified  the  conclusion  that  Palseozoic  rocks  would  be  reached  by 
such  borings  in  this  area ;  but  it  yet  remains  to  be  proved  whether 
productive  Coal-measures  are  also  represented*' 

^  Trans.  Roy.  Soc.  £din.  yol.  xxriii.  p.  846. 

'  It  is  noted  in  the  Atkmaum  (Nov.  29,  1884),  that  Mr.  Austen's  news  on  this 
subject  had  been  to  some  extent  foreshadowed  by  De  la  Beche :  the  only  passage 
bearing  on  the  subject,  which  we  have  come  across  in  De  la  Beche' s  writings,  is  that 
in  Mem.  (Jeol.  Smrey.  toI.  i.  1846,  p.  214.  He  says,  •*  From  the  movement  of  the 
older  rocks  many  a  mass  of  Coal-measnres  may  be  buried  beneath  the  Oolites  and 
Gretaoeoos  rocks  on  the  east,  the  remains  of  a  great  sheet  of  these  accumulations, 
connecting  the  districts  we  have  noticed,  with  those  of  Central  England  and  of 
Belgium,  rolled  about  and  partially  denuded  prior  to  the  deposit  of  the  New  Bed 
Sandstone.*' 
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In  bis  remarks  on  the  bonlder  of  granite  found  in  the  Chalk  near 
Croydon,  and  which  was  no  doabt  transported  by  floating  ioe,  Mr.  Austen 
attempts  to  traoe  out  the  coast-line  during  the  Cretaceous  epoch,  in 
which  eyery  other  form  of  sea-bed,  from  the  abyssal  to  the  marginal, 
must  have  existed.  Bemarking  on  these  enquiries  Mcgor-Oeneral 
Portlock  observes  that  the  author  "  has  appropriated  to  himself  a 
class  of  research  which  is  difficult  in  proportion  to  its  apparent 
obscarity,  but  which  he  is  likely  by  his  skill  and  perseverance  to 
place  very  high  amongst  the  objects  of  the  philosophical  geologist" ' 

Edward  Forbes,  who  died  in  1854,  left  his  papers  to  Mr.  Austen. 
Among  these  was  a  Memoir  on  the  Tertiary  Muvio-Marine  Formation 
of  the  Isle  of  Wight  This  was  brought  out  in  1856,  under  the 
editorship  of  Mr.  Austen,  who  was  well  qualified  for  the  task,  as 
he  had  hoeo.  with  Forbes  when  many  of  his  notes  and  observations 
were  recorded,  and  had  discussed  with  him  many  of  the  questions 
that  arose.  In  certain  instances  Mr.  Austen  supplied  such  short 
notices  as  were  requisite  to  complete  the  work,  but  the  memoir  was 
fortnnately  far  advanced  by  Forbes  himself. 

Another  work,  however,  which  had  been  undertaken  by  Forbes, 
was  left  by  him  in  a  very  incomplete  state.  This  work,  entitled  "  ITie 
Natural  History  of  the  European  Seas,"  was  edited  and  continued 
by  Mr.  Austen,  and  published  in  1859.  It  was  a  companion  volume 
to  Prof.  Henfrey's  "The  Vegetation  of  Europe";  and  Mr.  Austen 
himself  had  undertaken  to  write  the  "  Greological  History  of  the 
European  Area" — a  work  which,  however,  was  never  published. 
The  volume  on  the  Natural  History  of  the  European  Seas  had,  at 
Uie  time  of  Forbes'  death,  been  corrected  and  printed  off,  as  far  as 
p.  102,  and  there  were  proofs  (uncorrected)  bringing  up  the  work  to 
p.  126 ;  but  no  further  material  was  forthcoming.  Mr.  Godwin- Austen, 
however,  who  naturally  had  many  difficulties  to  contend  against, 
laboured  hard  and  successfully  at  his  task ;  and  although  it  must 
always  be  lamented  that  Forbes  did  not  live  to  complete  this  and 
other  works  he  had  planned,  yet  we  may  be  none  the  less  grateful 
to  Mr.  Austen,  even  if  we  agree  with  what  he  says  in  revicMring  his 
own  portion  of  the  joint  volume  (in  the  preface) : — *'  I  feel  I  may  be 
charged  with  having  treated  the  subject  too  often  from  a  geological 
stand-point,  and  that  my  share  may  possibly  remind  some  of  the 
Angel  of  the  sign-painter  who  had  painted  Ked  Lions  all  his  life — 
and  which,  in  spite  of  his  efforts,  looked  more  like  a  Lion,  than 
became  an  Angel,  after  all." 

Mr.  Austin  contributed  to  the  so-called  "  Oreenough  Geological 
Map,"  a  new  edition  of  which  was  announced  in  1865  by  the  President 
of  the  Geological  Society,  Mr.  W.  J.  Hamilton.  This  map,  really 
based  on  that  of  William  Smith,  was  brought  up  to  date  by  utilizing 
the  labours  of  the  Geological  Survey,  and  those  of  several  Fellows 
of  the  Geological  Society.  Mr.  Austen  contributed  greatly  to  the 
revision  of  the  S.E.  sheet,  including  the  Wealden  strata  of  Kent  and 
Sussex,  and  the  members  of  the  Cretaceous  series.  He  also  superin- 
tended and  laid  down  from  MS.  notes,  a  small  portion  of  France, 
1  Address  to  Geol.  Soo.  1858. 
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inclading  the  Boulonnais.  The  portion  of  Ireland,  included  in  the 
Map,  was  executed  from  MS.  notes  of  Mr.  Austen,  aided  by  the  map 
of  Sir  Hichard  Griffith.  Considerable  portions  of  the  S.W.  of 
Scotland  were  also  filled  in  by  Mr.  Austen.^ 

Many  pleasant  excursions  were  made  from  time  to  time  by  Mr. 
Austen,  in  company  with  other  Fellows  of  the  Geological  Society. 
Thus  in  1849,  he  accompanied  Messrs.  Prestwioh,  Morris,  and  A. 
Tylor  to  the  Crag  district  at  Chillesford,  in  Sufifolk  ;  an  account  of 
which  was  afterwards  published  by  Mr.  Prestwich,  and  to  whose 
observations  made  at  this  time  we  date  the  introduction  of  that  local 
and  debateable  deposit  known  as  the  '*  Chillesford  Clay." 

In  1862  Mr.  Austen,  together  with  Edward  Forbes,  D.  Shorpe, 
Mr.  Prestwich  and  Mr.  Tylor,  visited  Tournay  and  Mens  ;  and  again 
ID  18B5,  he  visited  Belgium,  in  company  with  Mr.  W.  J.  Hamilton, 
Mr.  Prestwich,  Capt  D.  Galton,  Mr.  W.  W.  Smyth,  Mr.  Busk  and 
Mr.  Gwyn  Jeffreys.  Mr.  Austen's  observations  on  the  Belgian 
Tertiaries  were  in  part  made  during  these  excursions. 

Mr.  Austen  was  a  Member  of  the  Committee  formed  in  1858  for 
the  purpose  of  reporting  on  the  Exploration  of  Brixham  Cave ;  and 
the  Report,  which  was  drawn  up  in  1872  by  Prof.  Prestwich,  was 
signed  by  Mr.  Busk,  Mr.  Aubten  and  Prof.  Bamsay. 

Mr.  Godwin-Austen  took  but  little  part  in  the  proceedings  of  the 
Geological  Society  after  1877,  when  he  retired  from  the  CounciL 
He  was,  however,  a  Justice  of  the  Peace,  and  Deputy-Lieutenant 
for  the  County  of  Surrey.  He  died  at  Shalford  House,  near  Guild- 
ford, on  the  25th  November,  1884,  aged  76. 

As  remarked  in  ** Nature"  (Dec.  4, 1884),  "It  is  some  consolation 
to  geologists,  who  mourn  the  quenching  of  one  of  their  luminaries, 
tliat  his  place  is  taken  by  a  son  who,  by  scientific  labours  in  India 
and  in  this  country,  has  proved  himself  a  worthy  successor." 

HOBAOB   B.  WOODWAKD. 

List  of  Geological  Wobks  and  Papbrs  ofthblatb  R.  A.  C.  Godwin-Austeic, 
B.A.,  F.R.S.,   F.G.S. 

1835. — 1.  An  Accoimt  of  the  Raised  Beach,  near  Hope's  Nose,  in  Devonshire,  and 

other  recent  Disturhances  in  that  Neighbourhood.    Proc.  Geol.  Soc.  vol.  ii. 

pp.  102, 103 ;  and  Phil.  Mat.  vol.  vi.  pp.  63,  64. 
1836.— 2.  On  the  part  of  Devonshire  between  the  Ex  and  Berry  Head,  and  the 

Coast  and  Dartmoor.    Proc.  Geol  Soc.  vol.  ii.  pp.  414,  415. 
1888.— 3.  On  the  Geology  of  the  South-east  of  Devonshire.    Proc.  Geol.  Soc.  vol. 

ii.  pp.  684-689 ;  Trans.  Geol.  Soc.  ser.  2.  vol.  vi.  pp.  433-489  (1842).' 
1838.— 4.  On  the  Origin  of  the  Limestones  in  Devonshire.    Proc.  Geol.  Soc.  vol.  ii. 

pp.  669,  670. 
1839.— 5.  On  the  structure  of  South  Devon  (or  the  ^nend  relations  of  the  various 

Imnds  of  Slates,  Limestones,  and  Sandstones  m  South  Devon).    Proc.  Geol. 

Soc.  vol.  iii.  pp.  123,  124. 
1839. — 6.  Considerations  on  Geological  Evidence  and  Influences.   Rept.  Brit.  Assoc. 

for  1838,  Trans,  of  Sections,  p.  93. 
1840.— 7.  Note  on  the  Organic  Remains  of  the  Limestones  and  Slates  of  South 

Devon.     Ibid.  1839,  p.  69^ 

*  W.  J.  Hamilton,  Address  to  Geol.  Soc.  1866,  p.  38- 

^  In  this  memoir  are  given  in  a  condensed  form  the  substance  of  papers  Nob.  1,  2, 
8,  4,  6,  and  9. 
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1840. — 8.  On  Ortboceras,  Ammonites,  and  other  cognate  Genera ;  and  on  the  posi- 
tion they  occupy  in  the  Animal  Kingdom.  Proc.  Geol.  Soc.  vol.  iii.  pp.  179,  180. 
1840.— 9.  On  the  Bone  Caves  of  Devonshire.    Proc.  Geol.  Soc.  vol.  iii.  pp.  286,  287. 
1843.— 10.  On  the  Geology  of  the  South-east  of  Surrey.    Proc.  Geol.  Soc.  vol.  iv. 

pp.  167-173. 
1843. — 11.  Additional  Note  on  the  Geology  of  the  South-east  of  Surrey.    Ibid.  pp. 

196-198. 
1845. — 12.  On  a  supposed  Aerolite,  said  to  have  fallen  near  Lvmington,  Hants. 

Proc.  Geol.  Soc.  voL  iv.  p.  684 ;   Quart.  Joum.  Geol.  Soc.  vol.  i.  p.  460. 

(Brief  note  only.J 
1846. — 13.  On  the  Coal  Beds  of  Lower  Normandy.    Quart.  Joum.  Geol.  Soc.  vol. 

ii.  pp.  1-6. 
1848. — 14.  On  the  Position  in  the  Cretaceous  Series  of  Beds  containing  Pnosphate 

of  Lime.    Quart.  Joum.  Geol.  Soc.  vol  iv.  pp.  267-262, 
1860. — 16.  Notes  on  the  Geology  of  the  Channel  Islands.     Rept.  Brit.  Assoc,  for 

1849,  Trans,  of  Sections,  pp.  49-61. 
I860.— 16.  On  the  Valley  of  the  English  Channel.     Quart.  Joum.  Geol.  Soc.  vol. 

vi.  pp.  69-97. 
1860. — 17.  On  the  Age  and  Position  of  the  Fossiliferous  Sands  and  Gravels  of 

Farringdon.    Quart  Joum.  Geol.  Soc.  vol.  vi.  pp.  464-478. 
1860. — 18.  Notes  on  the  Bagshot  Sand;  General  Board  of  Health  Report  on  the 

Supply  of  Water  to  the  Metropolis.    8vo.  Lend.  Appendix  3,  p.  198  (wrongly 

printed  as  by  W.  Austin). 
1861. — 19.  On  the  Superficial  Accumulations  of  the  Coasts  of  the  English  Channel, 

and  the  Changes  they  indicate.    Quart.  Joum.  Geol.  Soc.  vol.  vii.  pp.  118-136. 
1851.— 20.  On  the  Gravel-beds  of  the  Valley  of  the  Wey.    Quart.  Joum.  Geol  Soc. 
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IT. — Iguanodon  Mantelli,  Meyer.* 

By  Hbnrt  Woodward,  LL.D.,  F.R.S. 

fPLATE  I.) 

IN  1822,  just  sixty-three  years  ago,  Mrs.  Mantell  found  the  first 
tooth  of  a  new  and  remarkable  reptile  (afterwards  known  as 
Iguanodon) f  imbedded  in  a  mass  of  coarse  conglomerate,  which  had 
been  brought  as  'road-metal'  from  one  of  the  quarries  in  the 
Wealden  formation  of  Tilgate  Forest. 

This  tooth,  with  others  subsequently  found  in  the  same  rock,  was 
submitted  to  Baron  Cuvier,  who  pronounced  them  to  belong  to  a 
large  terrestrial  herbivorous  reptile  hitherto  quite  unknown. 

Various  other  detached  and  fragmentary  remains  were  subse- 
quently collected  in  the  Wealden  strata,  and  in  1825  the  discovery 
was  communicated  by  Dr.  Mantell  to  the  Royal  Society,*  when  the 
name  of  Iguanodon  was  proposed  for  the  fossil  reptile,  from  the 
resemblance  which  its  teeth  presented  to  those  of  the  living  Iguana, 
a  large  vegetable-feeding  lizard  common  in  the  West  Indies  and 
Central  America. 

In  1834  the  first  important  connected  series  of  bones  of  Iguanodon 
was  discovered  by  Mr.  W.  H.  Bensted  in  the  "Kentish  Rag" 
quarries  of  the  Lower  Qreensand  formation  at  Maidstone. 

This  specimen  (which  is  preserved  in  the  Geological  Gallery  of 
the  British  Museum  of  Natural  History)  consists  of  a  large  number 
of  the  bones  of  the  skeleton  of  a  young  individual  imbedded  in  stone 
in  a  very  confused  manner  and  all  more  or  less  flattened  and  dis- 
torted. Amongst  them  are  two  long  and  very  slender  bones  which 
in  the  original  description  are  referred  to  as  **  two  tjlavicles,"  and 
they  continued  to  be  so  called  in  Owen's  British  Fossil  Reptiles.' 

The  true  nature  of  these  long  and  slender  bones  was  pointed  out 
by  Prof.  Huxley  in  a  paper  entitled  "Further  Evidence  of  the 
Affinity  between  the  Dinosaurian  Reptiles  and  Birds."*  They  are 
in  fact  the  ischia,  and  occupy  in  Bensted 's  Iguanodon  a  position 
near  to  the  ilium,  to  which  they  were  once  united. 

Another  specimen,  embracing  the  chief  part  of  the  vertebral  column 
with  some  of  the  bones  of  the  extremities  of  a  supposed  young  Igua- 

*  "PalflBologica,"  by  Hermann  von  Meyer,  1832,  8to.  (Frankfort). 

*  See  Phil.  Trans.  voL  116,  p.  179. 

»  Pal.  Soc.  1861,  pp.  111-113,  tab.  xxxiv. 

*  Quart.  Joum  GeoL  Soc.  1869,  toI.  zxvi  pp.  12-60. 
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modon  (einoe  referwd  to  EifpBilophodon)  from  the  Wealden  of  Cowleaze 
Chine,  Isle  of  Wight,^  shows  the  remains  of  the  iliam,  with  the 
ischium  and  rod-like  post-puhis  attaohed  to  it»  lying  side  hy  side. 
But  the  anatomical  importanoe  of  this  specimen  was  not  disoovered  ' 
until  Haxley  redesorihed  it  in  1869.' 

In  estimating  the  value  of  snoh  ooraparative  anatomical  studies, 
we  must  not,  however,  omit  to  take  into  account  the  circumstances 
under  which  that  work  was  performed,  and  when  we  look  at  the 
enormous  labour  accomplished  by  Sir  Richard  Owen  in  describing 
and  figuring  the  vast  number  of  detached  bones  a^d  parts  of  skeletons 
of  new  and  remarkable  Dinosauriain  the  Palsdontographical  Society's 
volumes,  we  cannot  fail  to  admire  his  untiring  energy  and  wonder- 
ful skill  in  deciphering  so  many  difficult  remains,  and  are  no  longer 
astonished  that  he  f^l  into  some  erroneous  determinations,  but 
rather  marvel  that  he  made  so  few. 

More  lately  *  Mr.  J.  W.  Hulke,  F.R.S.,  described  a  new  species  of 
Jguamodon  {L  Freatwichit),  from  the  Kimmeridge  Clay,  Cumnor 
Hurst,  near  Oxford ;  distinguished  from  I.  ManteUi  of  the  Wealden 
by  the  shape  of  the  vertebral  centra,  by  fewer  than  five  sacral 
vertebrae,  and  by  the  simpler  character  of  its  tooth-serratnre. 

But  interesting  and  numerous  as  have  been  the  discoveries  of 
fragmentary  remains  of  Iguanodon,  in  this  countiy,  they  could  only 
have  assisted  us  to  a  more  or  less  conjectural  notion  of  the  living 
aspect  of  this  huge  Dinosaur,  whilst  the  restoration  by  Waterhouse 
Hawkins  (1855)  was  known  to  be  erroneous  in  several  particulars. 
Two  somewhat  small  Dinosaurs,  allied  to  Iguanodon^  have,  how* 
ever,  been  met  with  in  England  in  a  tolerably  perfect  state.  The 
first  of  these  is  from  the  Lower  Lias  of  Dorset,  obtained  by  the  late 
Mr.  Harrison  of  Charmouth,  and  is  a  fairly-complete  skeleton  of  a 
herbivorous  Dinosaur  about  12  feet  in  length,  closely  allied  by  its 
dentition  to  Iguanodon^  and  described  by  Sir  Richard  Owen  as 
SeelidoBaunu  Marrisoni,^  This  reptile  was  armed  with  lateral  rows 
of  thick  bony  scutes,  and  exhibits  considerable  disparity  between  the 
fore-  and  hind-limbs  as  well  seen  in  Iguanodon^  Compsognathus,  and 
mimy  other  Dinosaurs.  There  are  four  functional  digits  and  one 
rudimentavy  one  in  the  pes. 

The  researches  of  Prof.  Huxley  and  of  Mr.  J.  W.  Hulke  have 
also  made  us  acquainted  with  Hypailophodon  Foxii,  obtained  by 
the  late  Rev.  W.  Fox  from  the  Wealden  beds  of  the  Isle  of 
Wight  At  first  only  known  from  fragmentary  remains '  in  1869, 
it  became  possible  in  1881  to  speak  of  an  almost  entire  individual 
about  4  feet  in  length,  preserved  in  one  mass  of  matrix,  besides 
parts  of  several  others  more  or  less  complete.  The  important 
^mains  are  figured  by  the  Royal  Society  in  twelve  quarto  plates,  and 

>  Figured  by  Owen  in  Pal.  Soc.  Foes.  Kept.  Wealden,  tab.  I.  1866. 
'  The  two  ischia  and  the  pubei  are  marked  m  the  original  deeori^tion  as  the  right  tibia 
and  fibula.  >  Quart.  Joum.  Geo.  Soc.  vol.  xxri.  pp.  8-12,  PL  ii. 

*  Quart  Joum.  Geol.  Soc.,  1880,  toI.  xxivi.  pp.  438-466,  pi.  xviii.-xx. 

»  Pal.  Soc.  Fo«8.  Rent.  Oolitic  form.  1861,  pi.  2,  4,  6,  6;  and  1862,  pi.  1-11. 
Preserred  in  the  Britiih  Museum  (Nat.  Hist.). 

•  See  Quart.  Joum.  GeoL  8oc»  1870,  vol.  xrri  pp.  8-12,  pi.  1  and  2. 
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in  the  last  a  complete  restoration  is  given  by  Mr.  Hulke.*  The 
animal  has  four  large  and  powerful  digits  to  the  hind-foot'  and  a 
small  rudimentary  6th  outer  toe ;  an  extremely  small  manus  with 
four  small  digits  and  a  6th  rudimentary  one.  Mr.  Hulke  thinks  that 
the  sharp-pointed  and  curved  ungual  phalanges  indicate  that  it  was 
probably  arboreal  and  rock-climbing  in  its  habits.  "  The  sides  of 
the  crowns  of  the  teeth  are  finely  serrated  and  repeat  in  miniature 
the  lamelliform  serration  of  the  crown  of  Iguanodon  Mantelli "  (op. 
ciL), 

Prof.  Huxley  was  the  first  to  draw  special  attention '  to  one  of  the 
most  perfect  remains  known  in  Europe  of  a  small  Jurassic  Dinosaur 
from  the  Lithographic  Stone  of  Solenhofen,  Bavaria,  and  described 
some  years  since  by  Dr.  Andreas  Wagner,  under  the  name  of 
Compsognathua  longipes,  "  It  has  a  light  head  with  toothed  jaws,  sup- 
ported on  a  very  long  and  slender  neck.  The  ilia  are  prolonged  in 
front  and  behind  the  acetabulum.  The  pubes  (?)  seem  to  have  been 
remarkably  long  and  slender.  ^  .  .  .  .  The  fore-limb  is  very 
small ;  the  hind-limb  is  disposed  as  in  birds,  and  is  very  large,  with 
three  digits  to  the  manus  and  pes.  The  femur,  as  in  birds,  is  shorter 
than  the  tibia."  Notwithstanding  its  small  size — not  more  than  two 
feet  in  length — it  strikingly  resembles  the  figure  of  Iguanodon 
(Plate  I),  but  its  proportions  are  more  light  and  slender,  and  its 
dentition  shows  that  Compsognathus  was  carnivorous,  whilst  Iguanodon 
belongs  to  the  herbivorous  type. 

Amongst  the  earlier  discoveries  of  large  Dinosaurians  in  North 
America  must  be  enumerated,  ITadrosaurus  Foulkiif  Leidy,  from 
the  Cretaceous  beds  of  New  Jersey,  an  herbivorous  animal  closely 
^  ^^  ^  resembling  Iguanodon^  and  fully  twenty-eight  feet  in  length ;  and 
Lalaps  aqtiilunguis,  Cope,  twenty-four  feet  long,  of  carnivorous 
type  like  Megalosaurus,  Attempted  restorations  of  both  these  genera 
were  set  up  some  years  since,  in  the  Central  Park,  New  York,  by 
that  ingenious  enthusiast,  B.  Waterhouse  Hawkins,  F.G.S.  (see  Gkol. 
Mao.,  1869,  Vol.  VI.  p.  566),  but  have  been  since  removed. 

To  Prof.  0.  C.  Marsh,  M.A.,  F.G.S.,  of  Yale  College,  Newhaven, 
belongs  the  honour  of  making  known  perhaps  the  largest  number  of 
American  Dinosaurs,  some  of  which  as,  e,g.,  Brontosaurus  excelsus,* 
Marsh,  from  the  Jurassic  formation  of  Colorado,  Diplodocus  longus,^ 
Marsh,  Ceraiosaurus  naaicornis,*  Marsh,  and  Allosaurus  fragilis,''  Marsh, 
have  been  illustrated  in  these  pages.  Altogether  more  than  thirty 
genera  of  Dinosauria  have  been  described  from  North  America  alone. 

It  is  remarkable,  that  after  more  than  sixty  years,  since  the  first 

1  See  Phil.  Trans.  Roy.  Soc.  1883,  vol.  173,  part  iii.  pp.  1035-61  and  pi.  71-82. 

'  In  this  point  it  agrees  with  Scelidosaurut  Harritoni ;  but  that  Dinosaur  was 
furnished  with  rows  of  bony  scutes,  whereas  Hypsilophodon  has  none.  (See  the 
original  specimens  in  the  British  Museum  (Nat.  Hist)) 

»  Proceedings  of  the  Royal  Institution  of  Great  Britain,  Feb.  7,  1868.    See  abo 
Gbol.  Mao.  1868,  Vol.  V.  pp.  367-366. 
.    *  See  Gbol.  Mao.  1883,  Dec.  II.  VoL  X.  pp.  386-388,  PL  IX. 

»  <>p.  cit,  1884,  Dec.  III.  Vol.  I.  pp.  99-107  (10  Woodcuts). 

•  Op.  eit,  1884,  pp.  262-262  (Figs.  1-6).      "^  Op.  cit,  1884,  loe.  cit.  (Figs.  6-8). 
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discsovery  of  Iguanodon  remains  was  made  in  the  Wealden— duripg 
which  time  similar  reptilia,  more  or  less  complete,  have  been  ex- 
hamed  on  the  Continent,  in  England,  and  in  North  America,  in 
strata  varying  in  age  from  the  Trias  to  the  Chalk, — numerous  perfect 
specimens  should  have  lately  been  met  with  in  their  original  gise- 
v^enty  the  Wealden  formation,  from  which  the  first  was  obtained; 
not  however  in  Sussex,  but  in  Belgium.  Their  preservation  is  due 
to  a  very  singular  circumstance.  In  the  colliery  of  Bemissart ' — 
between  Mons  and  Toumai  near  the  French  frontier — the  Coal- 
measures  (which  are  overlain  by  the  Chalk-formation  and  by  thick 
Quaternary  deposits)  are  fissured  in  many  places  by  deep  valleys  or 
chasms  more  than  200  metres  deep.*  These  must  have  been  formed 
by  denudation  and  dislocation  of  the  strata  in  post-Carboniferous 
times,  and  were  open  gorges  in  the  old  land-surfeice  in  the  Wealden 
period.'  Into  this  vast  abyss  were  precipitated,  by  some  Cretaceous 
debacle,  twenty-three  huge  Igwinodons,  numbers  of  fish  of  the 
genera  Zepidotus,  Ophiopsia,  and  Microdon ;  a  Batrachian ;  several 
species  of  Chelonians ;  and  Crocodilians — equally  perfect  with  the 
Iguanodons ; — and  numerous  ferns  of  the  genus  Lonchopteris,  Pe- 
copteris,  AlethoptertB,  Sphenopteris,  Qletchenites  and  Oleichenia ;  agree- 
ing with  those  described  by  Dunker  from  the  Wealden  of  Hanover, 
and.  by  Man  tell  from  that  of  the  south-east  of  England.^ 

The  ossiferous  deposit  is  separated  from  the  steep  walls  of  coal- 
shale  bounding  the  chasm  by  a  talus  10  metres  thick,  composed  of 
debris  of  the  coal-fonnation.  The  layers  are  composed  of  finely 
laminated  blackish  clay,  inters tratified  with  veins  of  grey  sand  and 
fragments  of  coal. 

The  skeletons  are  imbedded  in  concretionary  masses  in  the  fine 
clay-sediment  with  fishes  and  plants,  and  indicate  a  repetition  of 
ossiferous  deposits  at  different  levels,  more  or  less  widely  separated 
by  beds  of  nnfossiliferous  clay.  The  beds  themselves  are  inclined 
at  70^  against  the  sloping  talus,  but  their  inclination  diminishes 
rapidly  and  is  reduced  to  only  5°  at  a  distance  of  12  to  15  metres 
from  the  sides  of  the  chasm.  The  discovery  was  first  made  known 
in  1878,  and  three  years  were  subsequently  spent  by  M.  de  Pauw  in 
extracting  the  great  series  of  fossil-remains  from  the  pit-shaft,  the 
bones  being  brought  up.  from  a  depth  of  322  metres.^  It  must  have 
been  no  small  inconvenience  and  loss  to  the  owners  of  the  Sainte- 
Barbe  ooal-pit,  to  allow  M.  Dupont,  the  Director  of  the  Brussels 
Museum  and  his  Assistants,  to  carry  on  their  researches  for  so  long  a 
period,  and  bring  to  bank  with  care  so  large  and  bulky  a  colleetion, 

1  <<  Sur  la  deconverte  d'ossements  d^ Iguanodon,  de  poissons,  et  de  Tegetaux  dans  la 
fosse  Sainte-Barbedu  charbonnage  de  Bemissart:  "  par  M.  £d.  Dupont,  Membre  de 
TAcademie,  Directeur  da  Mus^e  fioyal  d'Histoire  Naturelle  de  Belgique.  f  Bulletins 
de  PAcademie  Boyale  des  Sci.  etc.  ae  Bel^que,  2fi  Serie,  Tome  46,  Bruxelles,  1878, 
pp.  387-408.)  '  650  feet. 

'  These  old  land  surface-contours  are  now  quite  obliterated  by  deposits  of  later 
date  which  fill  up  and  conceal  them,  and,  save  in  these  deep  gorges,  the  Wealden 
formation  has  been  completely  destroyed  and  remoyed  by  subsequent  denudation. 

«  Mantell's  Geology  of  tne  South-east  of  England,  8yo.  1833,  and  Mantell's 
Wonders  of  Geology,  8vo.  1838-1868  (7  editions).  »  Oyer  1000  feet. 
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M.  Fagfts,  the  Director  of  the  BemiBsart  Goal-mining  Company, 
deserves  the  thanks  of  all  soientifio  men  for  his  liberality  in  aiding 
in  so  generous  a  manner  this  important  undertaking. 

After  seven  years'  labour,  two  huge  entire  skeletons  adorn  the 
great  glass  case  in  the  Court-yard  of  the  Museum  in  Brussels.  That 
of  ^Jguanodon  Bemiaaartensis  cannot  be  less  than  15  feet  in  height, 
and  measured  along  the  dorsal  line  is  rather  over  30  feet  in  length, 
covering  nearly  24  feet  of  ground  in  its  erect  position.  That  of 
Iguanodan  MantelU  (see  Plate  I.)  is  less  in  size,  and  its  bones  are 
more  slender  generally.  Its  height  is  rather  over  10  feet ;  its  total 
length,  measured  along  the  back,  is  about  20  feet,  and  it  covers  in  its 
erect  position  (as  represented  in  our  Plate)  12  feet  of  ground. 

These  magnificent  specimens,  which  I  have  had  the  good  fortune 
to  visit  and  study  repeatedly,  during  the  past  five  years  of  their 
development,  are  unrivalled,  and  their  reconstruction  reflects  the 
highest  credit  on  M.  L.  F.  De  Pauw,  the  accomplished  controller  of 
the  workshops  in  the  Royal  Museum  of  Natural  History,  Brussels, 
of  whose  ability  as  a  modeller  and  reconstructive  anatomist  I  had  oc- 
casion to  speak  in  high  praise,  in  reference  to  his  reoonstruction  of 
the  Mammoth's  skeleton  noticed  in  1871  (see  Gbol.  Mao.  Vol. 
VIII,  pp.  193-8,  PL  IV.),  also  set  up  in  the  Hoyal  Museum, 
Brussels.  The  task  of  working  out  these  fossils,  originally  begun  by 
M.  G.  A.  Boulenger,  was  subsequently  undertaken  by  M.  M.  L. 
Dollo,  on  M.  Boulenger  leaving  the  Brussels  Museum  to  join  the 
Zoological  Staff  of  the  British  Museum,  London,  in  1882. 

M.  Dollo  has  already  published  five  Memoirs  on  "  Iguanodon  " ; ' 
one  on  the  Batrachians ;  *  one  on  the  Chelonians ; '  and  one  on  the 
Crocodiles  *  of  Bemissart. 

A  complete  figure  of  Iguanodan  BemisBartensis  was  published  in 
1883,  and  reproduced  in  "Nature"  (Sept.  6,  pp.  439-43)  by  Prof. 
H.  N.  Moseley,  F.R.S.,  who  gives  an  excellent  account  of  the 
Brussels  Iguanodan, 

In  the  present  year  the  reconstruction  of  Iguanodon  MantelU  has 
been  completed  and  the  figure  of  the  skeleton  published.  From  this 
our  reproduction  on  Plate  I.  is  derived. 

It  is  hardly  possible  to  over-estimate  the  importance  of  the 
Bernissart  discoveries,  or  the  flood  of  light  which  they  throw  upon 

»  See  M.  L.  Dollo,  **  Premiere  Note  sur  lee  Dmosauriens  de  Bernissart/*  **  BuUetin 
dvL  Mug^e  Royal  d'Histoire  Naturelle  de  Belgique,'*  tome  1.-1882.  PI.  ix.  Fore- 
and  hind-limbs  of  Iguanodon  Bemissartensis  and  7.  MantelU,  "  Deuxi^me  Note," 
ibid.  op.  cii,  PI.  xil  The  stet^um.  "Troisi^e  Note,"  ibid,  op,  cit.  tome  ii.  1883, 
PL  iii.  iv.  and  v.  Tibia  and  fibula  and  tarso-metartarsal  bones  compared  with  Birds 
and  Reptiles.  Bones  of  Pelvis  compared.  Complete  figure  of  I.  Bemittartenais 
(^tb  nat.  size).  •*  Quatrieme  Note/'  t*.  op.  eit.  1883,  t.  ii.  p.  223.  *'  Cinqui^me 
Note,"  ibid.  <y.  eit.  tome  iii.  1884,  pp.  129-46,  pL  vi  and  tU.  Crania  of 
Dinosaoria  compared,  and  Restoration  of  Iguanodon  MantelU, 

3  «*  Sur  les  Batraciens  de  Bemissart,"  par  M.  L.  Dollo ;  op.  eit,  1884,  tome  iii 
pp.  85-93,  pi.  iii.    Bylaobatrneht4*  Croyiij  Dollo. 

'  **  Premiere  Note  sur  les  Cbeloniens  de  Bemissart,"  op.  eit,  ibid.  pi.  i.  and  ii. 
pp.  63-79.     ChitraeephaluM  Jhtmoniiy  Dollo,  and  Telioehelyt  Duehnatelii,  Dollo. 

♦  *•  Premiere  note  snr  les  Crocodiliens  de  Bemissart,"  op.  eit.  tome  ii.  1883,  pp. 
809-338,  pi.  xii.    Berniuartia  Fageaii,  Dollo,  and  GoniopkoUe  nmue,  Owen. 
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the  strooture  of  the  Binoaaarian  skeleton.  In  a  sabsequent  paper 
we  propose  to  give  a  notioe  of  some  of  the  more  important  points 
vhich  M.  DoUo's  researches  have  helped  to  elucidate.  In  the  mean- 
time we  cannot  bnt  recall  with  feelings  of  the  warmest  gratitude 
and  admiration  those  earlier  palasontological  labourers,  who,  with 
exceeding! J  imperfect  materials  at  their  command,  succeeded  in 
demonstrating  the  existence  of  this  great  Sub-Class  of  Animals, 
which  Prof.  Huxley  has  clearly  shown  occupy  a  position  between 
Birds  and  Beptiles,  and  help  us  most  materially  to  complete  the 
grand  chain  by  which  the  Animal  Kingdom  is  linked  together. 
EXPLANATION  OF  PLATE  I. 

Fig.  1.  Iffuanodon  MantelU,  Meyer ;  reproduction  on  a  reduced  scale  of  M.  Dollo*8 
beautiful  plate,  already  re/erred  to  (Bull.  Mus  Roy.  d'Hist.  Nat  de 
Belg.  1884,  t.  iii.  pi.  yii.)  t,  the  ischium :  «/.  the  ilium  :  p,  the  pubis. 
„  2.  Skull  of  /.  Mantelii  (seen  in  profile)  ^th  nat.  size,  p,  the  praBsymphisial 
bone  (see  observations  on  this  remarkable  bone  by  Mr.  J.  W.  Hulke, 
F.R.S.  (Free.  G.  Soc.  1884),  in  his  Anniversary  Address,  Quart  Joum. 
Geol.  Soc.  1884,  vol.  xL  pp.  47-61.) 

III. — Thi  Cause  of  Slaty  Clbavage  :  Compression  v.  Shbabino. 

By  Alfred  Harker,  B.A.,  F.G.S., 

of  St.  John's  College,  and  Demonstrator  in  Petrology  in  the  Woodwardian 

Museum,  Cambridge. 

THE  received  theory  of  Slaty  Cleavage  has  generally  been  held 
to  afford  a  complete  explanation  of  the  observed  phenomena. 
Tbe  proximate  cause  of  the  structure  was  shown  by  Dr.  Sorby  to  be 
a  superinduced  arrangement  of  the  flat  and  long-shaped  fragments 
constituting  the  rock,  in  virtue  of  which  they  tend  to  lie  in,  or 
nearly  in,  the  planes  of  cleavage ;  this  arrangement  being  assisted, 
as  Mr.  D.  Sharpe  advocated,  by  a  flattening  of  those  particles  them- 
selves. These  changes  were  ascribed  to  great  lateral  compression  of 
the  rock  in  the  direction  perpendicular  to  the  cleavage-planes,  to- 
gether with  some  expansion  along  those  planes  in  the  line  of  their 
dip ;  and  a  great  mass  of  evidence  was  brought  forward  to  support 
this  theory. 

In  papers  recently  published  in  the  Geological  Magazine  (1884, 
pp.  268,  396,  etc.)  the  Rev.  0.  Fisher  rejects  this  compression  and 
would  substitute  shearing,  Le.  a  creeping  motion  such  as  would  dis- 
tort a  cube  into  an  oblique  parallelepiped  without  change  of  volume 
(see  Fig.  3,  p.  399).  He  indeed  admits  a  certain  compression  in 
addition,  but  it  is  so  slight  that  for  simplicity  we  may  disregard  it. 

Mr.  Fisher  contends  that  the  kind  of  distortion  presented  by  the 
fossils  of  deaved  rocks  is  such  as  would  be  produced  by  a  shearing 
motion,  and  he  seems  to  imply  that  these  appearances  could  not  be 
brought  about  by  compression  and  expansion.  But  it  is  easy  to  see 
that  a  shear  of  given  amount  is  precisely  equivalent,  so  far  as  dis- 
tortion is  concerned,  to  a  compression  of  proper  amount  in  a  certain 
direction  with  a  corresponding  expansion  in  a  direction  perpen- 
dicular to  it.  For  the  distorting  effect  of  any  strain  or  system 
of  strains  can  be  fully  represented  by  the  'ellipsoid  of  distortion,' 
i.e.  the  ellipsoid  iato  which  a  sphe):e  would  be  distorted  by  the 
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strains  in  question.  The  seotion  of  this  ellipsoid  by  any  plane 
will  be  an  ellipse  whose  ellipticity  will  indicate  the  degree  of 
distortion  of  an  object  situated  in  that  plane.  Further,  the  principal 
diametral  plane  of  the  ellipsoid  will  determine  the  direction  of 
cleavage.  Now  the  effect  of  a  shear  is  to  distort  a  sphere  of  radius 
h  into  an  ellipsoid  of  semi-axes  a,  h,  e,  and  it  is  evident  that  the 
same  distortion  might  equally  be  brought  about  by  an  expansion 
which  would  increase  the  radius  of  the  sphere  in  one  direction  from 
&  to  a,  and  a  compression  at  right  angles  to  it  reducing  the  radius 
in  another  direction  from  5  to  c 


Figure  to  illustrate  the  cause  of  Slaty  Cleavage. 

It  remains  to  inquire  whether  sheanng  can  really  account  for  the 
appearances  observed.  There  being  no  change  of  volume,  we  should 
have,  in  the  ellipsoid  produced  by  shearing,  a  c  =  6',  or  in  other 
words  the  three  semi-axes  would  be  in  geometrical  proportion : 
whereas  in  the  actual  ellipsoid  of  distortion,  as  calculated  from  ob- 
servations of  fossils,  a  and  h  are  not  very  unequal,  and  often  sensibly 
equal,  while  c  is  much  less  than  either,  thus  giving  an  ellipsoid  very 
like  a  flat  oblate  spheroid.  This  points  not  to  a  shear,  but  to  a  great 
compression  and  a  slight  expansion,  giving  rise  to  a  total  condensa- 
tion of  volume  in  the  ratio  ac  :h^, 

Mr.  Fisher  certainly  strikes  at  the  weak  point  of  the  received 
theory,  when  he  draws  attention  to  the  great  amount  of  voluminal 
condensation  which  it  requires.  Thus,  if  slate  of  specific  gravity 
2*64  has  been  reduced  to  half  its  original  volume  by  the  process 
which  impressed  the  cleavage-structure  upon  it,  its  former  specific 
gravity  must  have  been  only  1-32  I  Still  it  seems  impossible  to 
escape  from  the  fact  of  this  compression.  We  have  to  face,  for 
example,  the  evidence  of  the  crumpling  and  folding  of  resisting 
gritty  bands  interbedded  with  more  yielding  rocks  which  show 
cleavage,  as  in  the  now  historic  cliff-section  at  Ufracombe  figured  by 
Sorby. 

On  the  other  hand,  we  may  notice  the  great  amovnt  of  shearing 
demanded  by  Mr.  Fisher's  hypothesis  in  order  to  produce  the  degree 
of  distortion  commonly  observed  in  the  fossils  of  cleaved  rocks.  The 
proper  measure  of  a  shear  is  the  relative  lateral  displacement  of  two 
surfaces  of  shearing  divided  by  the  distance  between  them,  or  in 
Mr.  Fisher's  notation,  cot  a.     It  can  be  readily  proved  that — 

.  a — c 

cot  o  =  ,p-« . 
Vac 

If  then  a  =  2c,  we  have  cot  a  =  -7071  and  a  =  64^-  44' ;  or  if  a  =  6c, 

cot  a  =  2-0412  and  a  =  26°-  6'  I 

Mr.  Fisher  has  applied  his  theory  to  explain  the  disposition  of 
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the  cleavage-planes  over  an  extended  region,  but  that  was  with  the 
supposition,   since  abandoned,   that  the  cleavage-planes   were  the 
actual  surfaces  of  shearing :  the  amended  theory  gives  much  less 
satisfactory  results.     Thus,  let  0  be  the  angle  between  the  cleavage  ' 
and  shearing  planes  at  any  given  place ;  then  it  is  easy  to  prove  that 

tan  0  =  Vi  . 
a 

This  shows  that  where  the  shearing  and  consequent  distortion  are 
slight,  the  angle  between  the  directions  of  shearing  and  cleavage 
will  be  nearly  45°,  and  although  it  is  less  for  a  greater  amount  of 
shearing,  still,  even  when  the  shear  is  so  great  as  to  produce  a  dis- 
tortion in  which  a  =  6c,  the  angle  0  is  as  much  as  22°.  12  .  If  we 
imagine  a  tract  of  rocks  upheaved  to  a  considerable  height  and 
partially  settling  down  with  a  shearing  motion,  and  if  we  believe 
with  Mr.  Fisher  that  such  shearing  is  the  cause  of  cleavage  in  tlie 
rocks,  it  appears  from  the  foregoing  formulaa  that  the  result  should 
be  similar  to  that  depicted  diagrammatically  in  the  figure.  At  the 
points  A,  C,  E,  there  is  no  shearing  and  therefore  no  cleavage ;  in 
the  neighbourhood  of  these  points  there  are  broad  bands  of  rock 
with  no  sensible  cleavage-structure.  Passing  beyond  these  bands, 
the  planes  of  ill-developed  cleavage  have  a  hade  of  about  45°  :  the 
cleavage  becomes  gradually  more  marked  and  its  hade  slightly 
steeper  towards  the  points  B,  D,  where  the  shearing  is  greatest ;  and 
near  these  points  the  distortion  of  fossils  is  greatest  and  the  angle 
the  cleavage-planes  make  with  the  vertical  is  least 

Now  I  submit  that  all  this  is  very  different  from  anything  recorded 
as  occurring  in  nature.  I  have  supposed  the  planes  of  shearing 
vertical ;  if  they  are  inclined  outwards  as  in  the  figure  on  p.  275, 
the  discrepancy  between  theory  and  observation  is  still  more  marked, 
for  the  hade  of  the  cleavage-planes  from  the  vertical  is  then  greater. 


IV. — Water  Supply  from  the  Bagshot  and  other  Strata.   (No.  2.) 

By  the  Eev.  A.  Irving,  B.Sc,  B.A.,  F.G.S., 

of  Wellington  College. 

DURINO  the  year  1883  I  gave  some  account,  in  the  pages  of  this 
Magazine,*  of  the  peculiarities  of  the  water  drawn  from  the 
Bagshot  strata  of  the  London  Basin.  The  most  important  con- 
clusion drawn  in  that  paper  from  the  evidence  adduced  was  the  great 
difference  in  the  quality  of  the  water  according  as  it  is  obtained 
either  (a)  from  the  bright  ferruginous  sands  of  the  Upper  Bagshots, 
or  (6)  from  the  Middle  or  Lower  Bagshot  strata,  which  are  all 
contaminated  (more  or  less)  by  vegetable  matter  in  various  stages 
of  decomposition.  So  far  as  the  evidence  in  my  possession  a  year 
ago  seemed  to  carry  me,  I  felt  warranted  in  making  the  following 
generalization :  "  The  whole  of  the  well-water  of  the  district 
which  common  human  experience  pronounces  wholesome  is  ob- 
tained from  the  Upper  ferruginous  sands."  This  has  been  confirmed 
by  additional  facts  more  recently  learnt. 

^  Vide  Gbol.  Mao.    1883,  Dec.  II.  Vol.  X.  pp.  404-413. 
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A  good  instance  of  the  purity  of  water  drawn  from  the  Uppe? 
Sands  is  found  in  the  well  at  Finchampstead  Kectory.  This  well 
is  about  60  feet  deep,  and  the  geological  structure  of  the  district 
shows  that  the  well  reaches  the  water-bearing  level  of  the  passage- 
beds  between  the  Middle  and  Upper  Bagshot  strata,  the  water  being 
held  up  by  the  clayey  strata  which  occupy  a  high  horizon  in  the 
Middle  Bagshot  Series.*  ITie  water  from  the  well  is  so  pure  and 
soft  that  I  can  only  compare  it  with  water  drawn  from  the  crystalline 
rocks  of  the  Alps  above  the  glaciers.  It  has  only  mere  ti*aces  of 
mineral  matter ;  it  does  not  become  turbid  by  exposure  to  the  air ; 
and  it  does  not  take  up  iron  in  solution  from  pipes  or  boilers  con- 
structed of  that  metal,  and  precipitate  it  afterwards  as  peroxide,  on 
exposure  to  the  air,  as  the  water  from  the  strata  lower  down  does. 
ITiis  of  course  we  ascribe  at  once  to  the  absence  of  vegetable-matter 
in  solution  in  the  water.  But  now  comes  an  interesting  distinction 
which  must  be  drawn.  Though  the  generalization  referred  to  above 
has  had  its  truth  amply  confirmed  by  later  facts,  the  converse  of  the 
proposition  is  only  true  within  certain  limits;  that  is  to  say,  we 
have  no  right  to  assume  that  all  the  water  drawn  from  the  Upper 
Bagshot  Sands  is  pure  and  wholesome.  Experience  shows  us  that 
many  wells,  which  penetrate  into  the  Upper  Sands  only,  yield  water 
loaded  with  vegetable- matter  in  solution.  An  example  of  this  is 
found  at  my  own  house.  The  water  is  drawn  here  from  a  well 
17  feet  in  depth,  and  I  have  made  quite  sure,  from  the  levels  of 
the  country  as  laid  down  by  the  Military  Ordnance  Survey,  as  well 
as  from  actual  excavations,  that  the  well  does  not  penetrate  any  but 
the  Upper  Sands,  which  theoretically,  and  so  far  as  the  evidence 
given  in  my  former  paper  seemed  to  carry  us,  ought  to  yield  good 
water.  Yet  after  the  well  had  been  disused  for  a  time,  the  water 
was  putrid,  and  could  only  be  characterized  by  its  smell  and  other 
properties  as  *  bog-water.'  A  little  reflection  soon  showed  that  this 
was  due  to  the  shallowness  of  the  well  combined  with  the  close 
proximity  of  a  portion  of  the  ancient  forest-lands  of  this  region ;  so 
that  within  a  few  yards  of  the  well  on  two  sides  there  remained  a 
dense  coating  of  peaty  matter  covering  the  surface  of  the  ground, 
clothed  with  a  dense  growth  of  heather,  moss,  and  lichen.  By 
clearing  a  portion  of  the  ground,  and  by  opening  the  well  per- 
manently to  the  air,  the  water  has  been  so  far  improved  as  to  have  lost 
its  ofifensive  smell  and  taste.  It  still,  however,  is  so  much  charged 
with  vegetable-matter  in  solution,  as  shown  both  by  chemical  tests, 
and  by  the  amount  of  iron  which  it  takes  up  (especially  when  heavy 
rains  follow  a  period  of  drought)  from  the  kitchen-boiler,  as  to  be 
objectionable  for  dietetic  purposes.  Facing  the  difficulty,  I  have 
discovered  a  process  (the  details  of  which  are  known  at  present  only 
to  myself  and  the  Patent  Office)  whereby  the  water  can  be  made 
as  clear,  pure,  and  palatable  as  water  drawn  from  the  crystalline 
rocks ;  the  water  from  my  well  being  (after  treatment)  as  good  in 
every  way  as  that  from  the  deeper  well  at  Finchampstead  Rectory 

^  See  communication  by  the  author  to  the  Geologists*  Association,   '*  On  the 
Bagshot  Strata  of  the  London  Basin,''  Froc.  Geol.  Auoo,  vol.  viii.  No.  3. 
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cited  above.  Comparing  tbese  two  typical  instances  with  others  of 
similar  nature  in  the  district,  we  may  say  generally  that  it  is  only 
where  the  old  forest -lands  of  the  district  have  been  for  some  time  broken 
up  and  cultivated,  or  where,  beginning  on  high  ground,  a  considerable 
depth  of  the  Upper  Sands  (perhaps  30  feet  at  least)  is  pierced,  that 
water  free  from  considerable  pollution  by  vegetable- matter  in  solution 
can  be  obtained.  It  must  be  recollected  that  pollution  of  this  nature 
is  quite  a  different  thing,  and  is  easily  distinguished,  from  pollution 
by  sewage,  or  by  manure  spread  upon  an  adjoining  garden,  to  which 
of  course  all  such  shallow  wells  are  liable  in  an  exceptional  degree 
in  a  district  where  the  subsoil  is  of  such  a  porous  character  as  it  is 
in  the  district  under  consideration.  I  may  also  add  that  the  same 
means,  by  which  I  have  succeeded  in  removing  all  vegetable  pollution 
from  water  drawn  from  the  shallow  well  quoted  above,  are  available 
for  the  purification  of  the  water  drawn  from  the  Middle  and  Lowpr 
Bagshot  Strata  as  well  as  of  water  collected  by  gravitation  from 
open  moorlands,  or  drawn  off  from  natural  lake-basins. 

In  1850  the  famous  engineer  Rennie  collected  a  large  amount  of 
hiformation  on  the  water-bearing  capacity  of  the  Bagshot  Sands,  and 
in  his  Report^  to  the  Chairman  and  Directors  of  the  New  River 
Company  he  states  that  *'  water  obtained  from  siliceous  sands,  such 
as  those  which  cover  the  tract  referred  to,  is  proved  to  be  of  a  quality 
only  equalled  in  excellence  by  the  water  derived  from  mountain 
granite  rocks,  or  slate  rocks,  or  other  surfaces  of  the  primitive  for- 
mations." This  statement  we  have  seen  to  be  true  only  to  a  limited 
extent :  it  is  true  for  water  obtained  from  '  siliceous  sands '  which 
are  free  from  organic  debris,  but  it  is  not  true  for  a  large  portion  of 
the  *  siliceous  sands'  of  the  Bagshot  Series,  since  these  ar6  highly 
charged  with  organic  matter  of  vegetable  origin.  Further  on  (p.  5) 
he  states  that  analyses  show  that  the  samples  of  water  obtained  from 
the  Bagshot  Sands  are  '*  the  purer,  the  nearer  they  are  collected  to 
the  actual  rainfall  at  the  surface."  This  is  now  easily  accounted  for, 
80  far  aA  it  is  true,  by  the  presence  of  organic  matter  in  the  deeper 
strata,  which  we  may  now -consider  to  have  been  abundantly  proved ; 
but  the  facts  which  I  have  described  above  show  that  it  is  only  true 
for  those  portions  of  the  district  where  the  old  forest-lands  have  been 
for  some  time  broken  up  and  brought  under  cultivation.  On  p.  7 
Rennie  quotes  Mr.  Prestwich  as  an  authority  for  stating  that  **  these 
sands  are  not  entirely  devoid  of  organic  matter."  This  however  is 
understating  the  facts,  since  the  evidence  adduced  in  my  former 
paper  shows  that  many  of  these  sands  are  loaded  with  it ;  and  since 
that  was  written  I  have  been  astonished  to  see  the  amount  of  lignite 
in  a  fragmentary  state  which  has  been  brought  up  from  some  exca- 
vations in  the  Middle  Bagshot  Strata.  And  the  lignite  is  most 
abundant  where  the  grains  of  the  sand  are  invariably  coated  with 
green,  olive-green,  and  black  colloid  matter.  All  references  to 
"  green  silicates,"  which  were  supposed  to  exist  in  a  granular  form 

*  "  Report  of  (Mr.  Georee  Bennie  on  the  Supply  of  Water  to  be  obtained  from  the 
District  of  Bagshot,"  London,  IboO. 
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in  these  sands,  we  may,  in  the  light  of  oar  present  knowledge,  pass 
by  without  further  notice. 

In  an  account  of  a  series  of  analyses  which  is  appended  to  Mr. 
Bonnie's  Report,  and  signed  William  Thomas  Brande,  much  stress 
is  laid  upon  what  is  primd  facie  a  serious  objection  to  the  use  of  soft 
water  for  dietetic  purposes.  It  appears  that  the  experimental  evi- 
dence goes  to  show  that  metallic  lead  is  dissolved  from  the  walls  of 
conduit-pipes  much  more  readily  by  soft  than  by  hard  waters ;  and 
it  is  assumed,  without  any  direct  evidence  being  adduced,  that  this 
is  due  to  the  mere  fact  of  the  '  softness  '  of  the  water  ;  that  is  to  say, 
to  its  freedom  from  calcareous  salts  in  solution.  The  experiments 
appear  however  to  have  been  tried  with  the  native  nnpurified  waters 
of  the  Bagshot  district ;  we  are  therefore  justified  in  asking  whether 
the  solvent  power  of  these  soft  waters  for  lead  is  due,  not  to  the  mere 
absence  of  calcareous  salts,  but  to  the  presence  of  organic  matter  in 
solution.  The  sources  of  such  organic  matter  in  waters  drawn  by 
gravitation  from  the  open  surface  of  a  country  district  are  obvious 
enough,  as,  for  example,  in  the  case  of  the  water  supplied  to  the 
city  of  Manchester,  which  is  drawn  from  the  open  moorlands  of 
North  Derbyshire,  or  in  the  case  of  the  water  famished  to  the  town 
of  Birmingham,  the  greater  part  of  which  is  collected  by  gravitatioa 
into  the  vast  basins  which  ai-e  to  be  seen  in  the  parish  of  Shustoke. 
We  must  not  overlook  the  fact  that  where  calcareous  salts  are  absent 
in  soft  spring  or  well  waters,  there  is  so  very  often  a  quantity  of 
vegetable-matter  present  in  solution,  owing  to  the  difference  in  the 
conditions  under  which  so  many  water-bearing  siliceous  sedimentary 
strata  have  been  deposited,  as  compared  with  the  conditions  under 
which  the  calcareous  sedimentary  deposits  were  formed,  that  we 
may  fairly  ask  the  question  whether  it  is  not  entirely  due  to  the 
presence  of  the  vegetable  acids  that  *  soft '  waters  owe  their  superior 
corrosive  action  on  metallic  lead.  An  affirmative  reply  to  this 
question  is  suggested  by  the  fact  that  when  crenic  acid  is  present  in 
solution  as  an  alkaline  salt,  it  can  be  precipitated  by  acetate  of  lead 
(Berzelius),  the  stronger  acid  going  over  to  the  stronger  base,  and 
being  itself  replaced  by  the  weaker  acid.  Further  experimental 
evidence  however  is  required  as  to  the  direct  action  of  the  ''  humus 
acids  "  upon  metallic  lead  ;  here  it  would  be  out  of  place  to  do  more 
than  correct  Mr.  Brande's  inference,  by  simply  following  his  own 
mode  of  testing.^  Granulated  lead  was  exposed  for  twenty-four 
hours  in  four  test-tubes  filled  respectively  with : — 

(1)  Natural  nnpurified  '  soft '  water  from  the  Bagshot  Sands ; 

(2)  The  same  water  as  in  (1)  puriJUdfrom  vegetable  pollution ; 

(3)  Ordinary  distilled  water  ; 

(4)  Distillea  water  de-oxygenated  by  boiling  for  half  an  hour. 

The  results  observed  were  that  a  very  decided  turbidity  was  pro- 
duced in  sample  No.  1,  while  all  the  other  three  retained  the 
perfect  clearness  of  distilled  water.  It  must  be  added  that  the 
sample  No.  1  was  previously  cleared  of  all  suspended  matter  by 
filtering,  so  that  before  the  lead  was  placed  in  it,  this  sample  was 
I  pp.  16,  16  (ibid). 
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as  clear  to  the  eye  as  the  other  three  were.  It  is  better  to  reserve 
further  discussion  of  this  subject  for  another  place :  so  far  as  the 
experimental  evidence  here  cited  goes,  it  would  appear  that  Mr. 
Brando's  fallacy  (and  that  of  those  who  have  followed  him)  consisted 
in  overlooking  the  action  of  vegetable  acids  present  in  solution  in 
the  samples  which  he  examined  from  the  Bagshot  district. 

"  Many  of  those  waters  which  act  upon  lead,"  says  Mr.  Brande  at 
p.  20,  **  are  also  apt  to  derive  contamination  from  iron,  when  con- 
ducted through  pipes  of  that  metal."  This  is  notoriously  the  (^se 
with  the  Bagshot  waters,  as  I  pointed  out  in  my  previous  paper; 
and,  in  the  light  of  later  experience,  I  do  not  hesitate  to  affirm  that 
by  far  the  greater  portion  of  the  iron  contained  in  the  ochreous  pre- 
cipitate, which  these  natural  waters,  after  passing  through  iron  pipes, 
deposit  on  exposure  to  the  air,  is  taken  up  in  solution  by  the  direct 
action  of  the  vegetable  acids  in  the  water  upon  the  metal  of  the 
pipes.  This  fact,  coupled  with  the  generalization  of  Mr.  Brande 
quoted  above,  affords  indirect  but  strong  support  to  the  theory,  that 
it  is  only  to  the  frequent  presence  of  the  'humus-acids'  in  soft 
natural  waters  that  we  can  fairly  attribute  danger  arising  from  the 
superior  corrosive  action  of  *  soft '  waters  upon  lead.  This  however 
fails  at  once  as  an  objection  to  the  use  of  such  waters  for  dietetic 
purposes,  when  we  come  to  know  that  such  vegetable  pollution  of 
water  may  be  easily  removed  before  the  water  is  led  through  metal 
pipes. 

In  my  former  paper  I  pointed  out  that  we  seldom  or  never  see  in 
returns  by  professional  analysts  any  note  as  to  the  nature  of  vegetable 
pollution  of  water,  though  the  presence  of  such  matter  is  frequently 
indicated.  It  would  be  well  if  in  ell  cases  the  presence  or  absence 
of  vegetable  pollution  were  stated,  the  term  'organic  matter'  not 
being  sufficiently  definite.  Under  cover  of  the  latter  term  I  have 
known  a  writer  covertly  suggest  the  befoulment  of  a  certain  water 
obtained  from  peaty  sources  with  something  of  a  far  more  serious 
nature  than  vegetable  matter,  when  he  knew  all  the  time  the  real 
facts  of  the  case.  It  would  also  be  well  if  regard  were  had,  in  all 
cases  of  analysis  of  supposed  potable  waters,  to  the  time  which  elapses 
between  the  collection  of  a  sample  and  its  systematic  examination. 
All  statements  then  as  to  presence  or  absence  of  odour,  '  fiocculent 
matter '  deposited,  etc.,  would  admit  of  a  more  definite  interpretation 
than  they  do  unaccompanied  by  such  data;  since,  however  well  a 
bottle  may  be  stopped,  it  is  quite  impossible  to  have  filled  it  with 
water,  without  the  water  absorbing  a  certain  amount  of  free  oxygen 
from  the  air,  if  it  is  not  already  fully  oxygenated.  This  remark 
applies  of  course  in  an  especial  manner  to  water  drawn  from  deep 
wells.  In  illustration  of  this  point  I  may  refer  to  a  case  of  a  well, 
the  water  of  which  is  certified  by  a  professional  analyst  to  be  "  very 
free  from  organic  pollution";  yet  this  water  fresh  from  the  well 
has  the  taste  and  smell  peculiar  to  vegetable  pollution  in  a  high 
degree,  gives  an  ochreous  deposit  after  being  passed  through  iron 
pipes,  and  is  found  on  examination  to  contain  a  very  considerable 
quantity  of  the  humus-acids  in  solution. 
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Thus  far  our  consideration  has  been  almost  entirely  confined  to 
the  Bagshot  strata  and  the  water  furnished  by  them.  Pollution  of 
water  by  vegetable -matter  in  solution  is  not,  however,  confined  io 
these  strata,  or  even  to  strata  of  Tertiary  age.  All  the  way  down 
the  Secondary  Series  conditions  of  a  similar  nature  recur  at  intervals 
and  in  different  areas:  in  fact,  it  is  to  the  later  Palseozoic  Kocks 
that  we  have  to  go  to  find  in  the  Coal-measures  the  maximum  of 
vegetable  debris  sealed  up  in  the  sedimentary  strata.  Of  course  in 
the  coal-seams  carbonization  has  proceeded  to  a  greater  extent,  and 
the  remains  of  ancient  vegetation  are  .presented  to  us  in  a  more 
massive  form  ;  but  between  the  two  extremes  there  are  many 
degrees,  and  it  seems  quite  iiln possible  to  assign  any  limits  to  the 
time,  even  in  a  geological  sense,  that  vegetable  debris  may  remain 
undestroyed,  if  it  is  sealed  up  hermetically  in  the  strata  of  the 
earth's  crust,  and  thus  protected  from  the  action  of  atmospheric 
oxygen.  Several  instances  of  water  drawn  from  various  horizons 
in  the  Secondary  rocks  and  at  the  same  time  highly  chained  with 
vegetable  acids  in  solution,  have  come  before  my  notice  within  the 
past  year. 

1.  Some  time  ago  my  attention  was  drawn  to  three  wells  in  the 
Wallingford  district  which  draw  water  from  the  strata  below  the 
Chalk.  One  of  these  is  the  new  well  at  the  Lunatic  Asylum  at 
Moulsford,  the  other  two  are  in  the  town  of  Wallingford.  The  water 
from  one  of  the  latter  is  loaded  with  vegetable-matter  in  solution, 
especially  in  the  form  of  crenic  acid ;  the  other  two  wells  are  pretty 
free  from  it.  A  comparison  of  the  sections  of  the  three  wells,  which 
I  have  been  able  to  make  through  the  courtesy  of  Messrs.  Le  Grande 
and  Sutcliffe,  of  Bunhill  Fields,  who  bored  the  wells,  shows  that 
the  well  which  yields  water  heavily  charged  with  crenic  acid,  etc., 
passes  through  a  stratum  of  dirty  dark-green  sand,  which  is  altogether 
wanting  in  the  other  two  sections.  This  sand  has  the  character  of 
those  impure  Bagshot  Sands  of  which  I  have  already  said  a  good 
deal,  and  the  water  drawn  from  the  well  is  polluted  just  in  the  same 
way  as  water  drawn  from  the  Middle  and  Lower  Bagshot  strata  is 
contaminated.  Ko  fossils  turning  up,  it  is  not  easy  to  deteimine  the 
exact  horizon  from  which  the  water  of  these  three  wells  is  drawn. 
The  section  of  the  well  which  yields  impure  water  is  as  follows : — 

1.  Sand  and  gravel  (river  alluvium)   J  ft  in. 

2.  Clay,  light  blue  and  loamy >  about     • 22  0 

3.  Hard  light  grey  rock  (Upper  Greensand)  ) 

4.  Stiff  grey  clay  (Gault)   20  0 

b.  iJark  green  Hand 0  6 

6.  Hard  rock  (sandutone)   2  0 

Total 44    6 

Comparing  this  with  the  description  given  by  Prof.  Phillips*  of 
a  section  at  Culham  not  very  many  miles  distant,  it  seems  extremely 
likely  that  the  'hard  rock 'or  sandstone  pierced  by  this  well  for 
two  feet  at  the  bottom  is  none  other  than  the  sandy  cap  of  the 
|[immeridge  Clay,  and  that  the  Lower  Greensand  is  represented  in 
1  Vide  Geology  of  Oaford  and  the  Valley  of  the  Thmnss,  p.  427. 
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the  well-seotion  at  Wallingford,  as  it  is  in  the  Calham  Beotion,  by  a 
few  inches  only  of  dirty  green  sand.  It  is  possible  that  the  well  in 
question  has  tapped  an  underground  reservoir  consisting  of  an 
ancient  lagoon-deposit  or  silted-up  lake;  and  if  this  be  the  case, 
the  pollution  of  the  water  with  vegetable-matter  is  accounted  for. 
The  absence  of  the  whole  of  the  Portland  and  Purbeck  series,  and 
the  extreme  attenuation  of  the  Lower  Greensand,  gives  countenance 
to  such  a  hypothesis. 

2.  Groing  further  north,  to  the  little  town  of  Brackley  in  North- 
amptonshire, we  meet  with  phenomena  somewhat  similar  to  those 
just  described.  Here  too  mere  is  a  considerable  break  in  the 
geological  series,  as  the  Great  Oolite  rests  generally  in  the  district 
upon  the  ferruginous  sands  which  cap  the  Upper  Lias  Clays.  That 
the  rich  deposit  of  ironstone,  known  as  the  Northampton  Sands,  owes 
in  part  its  existence  to  the  agency  of  vegetable  acids,  I  have  little 
doubt ;  ^  but  the  fact  which  b^rs  immediately  upon  our  present  sub- 
ject is  the  occurrence,  in  the  section  of  the  well  at  the  Brackley 
Waterworks,  of  twelve  feet  of  **  running  sand,"  taking  the  place  of 
the  more  highly  ferruginous  deposits  which  are  commonly  met  with 
at  this  horizon.  Nearly  one-half  (the  lower  half)  of  this  running 
sand  is  of  the  same  character  as  the  dirty  green  and  grey  sands  of 
the  Bagshot  series.  A  copious  supply  of  water  wsts  obtained  here, 
hot  it  was  found  to  be  so  objectionable  as  to  quality,  that  it  was 
rejected  for  the  use  of  the  town,  and  the  well  was  continued  down 
another  100  feet,  amtil  it  penetrated  the  more  calcareous  rocks  of 
the  Middle  Lias.  The  water  obtained  from  the  sand  at  a  depth  of 
63  to  75  feet  (the  whole  depth  of  the  well  being  now  175  feet)  was 
described  to  me  as  being  '  brackish ' ;  and  there  seems  little  room 
for  doubt  that  a  careful  examination  of  it  would  have  shown  it  to  be 
polluted  with  vegetable  -  matter  in  solution.  Even  the  water 
pumped  up  from  the  Middle  Lias  is  not  quite  free  from  this,  and 
being  at  the  same  time  slightly  charged  with  bi-carbonate  of  lime, 
it  deposits  a  curious  amorphous  precipitate  resembling  kaolin  in 
appearance,  inside  the  engine-boiler.  This  deposit  is  found  to 
contain  some  carbonate  of  lime,  but  is  mainly  composed  of  silicate 
x>f  alumina,  the  latter  being  in  all  probability  precipitated  by  the 
decomposition,  during  the  process  of  digestion  which  goes  on  within 
the  boiler,  of  double  soluble  salts,  formed  by  the  combination  of 
silica  and  the  '  humus-acids  '  with  alumina  as  a  base.* 

Looking  at  the  facts  of  the  two  cases  now  cited,  we  find  a  certain 
resemblance  between  them.  In  both  cases  there  is  a  break  in  the 
normal  geological  succession  of  the  strata,  and  this  of  course  implies 
more  or  less  of  erosion  of  the  lower  series  at  both  places.  Under 
■och  conditions  it  is  extremely  likely  that  in  hollows  formed  by 
such  erosion  there  should  have  been  accumulations  of  such  coarse 
sandy  materials  as  are  characteristic  of  shallow  waters,  and  that  along 

^  Comp.  mj  paper,  0»  the  Coloration  of  tome  Smndt^  etc,^  in  the  Beport  of  the 
British  Association,  1883. 

-    *  I  am  indebted  to  the  courtesy  of  Sir  George  Bannerman,  Bart.,  in  bringing  the 
facts  connected  witjh  the  Brackley  .well  onder  mj  notice. 
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with  sQch  materials  much  vegetable  debris  sboald  have  been  brought 
in  some  instances  from  the  adjacent  land-surfaces,  or  accumulated 
from  the  decay  of  aquatic  and  marsh  plants  in  the  well-known 
process  by  which  lakes  are  often  filled  up  with  sandy  and  peaty 
matter.  The  twelve  feet  of  sand  in  the  section  at  Brackley  may 
represent  the  *  Midford  Sands/  the  *  Cephalopoda  Bed '  of  the  Cots- 
wold  country  being  absent  in  this  part  of  England.  Whatever  their 
history,  it  is  their  petrological  character  which  concerns  us  here. 

3.  At  Evenley,  about  a  mile  from  Brackley,  there  is  a  well  thirty 
feet  deep,  which  receives  its  water  from  the  strata  of  the  Great 
Oolite,  and  this  water  is  contaminated  by  vegetable-matter  in  solu- 
tion. This  is  proved,  not  only  by  the  direct  precipitation  of  crenio 
acid  from  the  water  in  considerable  quantity,  according  to  the  method 
given  (from  BerzeliUs)  in  Watts'  Dictionary  of  Chemistry,  but  also 
by  the  presence  of  a  high  percentage  of  albumenoid  ammonia,  while 
there  is  the  merest  trace  of  free  ammonia,  and  the  amount  of  chlorine 
'  is  very  small,  not  more  than  1-3  grs.  per  gallon.'  It  should  be  added 
that  the  water  of  this  well  was  examined,  when  it  had  an  unusually 
strong  smell  betokening  vegetable  pollution,  soon  after  the  heavy 
rains,  which  followed  upon  the  long  period  of  drought  experienced 
in  the  early  part  of  the  summer  of  last  year.  In  this  case  too  the 
water  has  been  found  capable  of  purification  by  the  process,  to  which 
I  have  referred  above.  This  well  probably  peneti-ates  a  dirty  bed, 
such  as  was  passed  through  in  the  Brackley  well  at  a  depth  of  from 
thirty-one  to  forty-one  feet,  interbedded  with  the  limestones  and 
marls  of  the  Great  Oolite.  One  fact  in  connexion  with  the  water  of 
this  well  puzzled  me  for  a  time :  the  water,  when  heated  and  drawn 
from  the  kitchen -boiler,  was  not  discoloured  in  the  slightest  degree 
by  iron,  as  is  the  case  with  soft  water  contaminated  by  vegetable- 
matter  in  solution.  This  was  ultimately  explained  by  the  fact  that 
the  calcareous  hardness  of  the  water  has  produced  a  lining  of  carbo- 
nate of  lime,  owing  to  the  decomposition  by  heat  of  the  bicarbonate, 
which  the  water  brings  in  solution  from  the  Oolitic  strata.  The 
failure  of  the  vegetable  acids  in  this  case  to  take  up  iron  results 
therefore  from  the  fact  of  non-contact  between  the  water  and  the 
iron.  The  fact  throws  additional  light  upon  the  theory  of  Mr. 
Brande  and  others,  on  which  some  remarks  have  been  made  above. 

In  the  light  of  our  present  knowledge  we  may  hazard  a  provisional 
generalization,  which  will  lead  us  to  look  for  vegetable  contamination 
in  many  cases  of  water  drawn  from  such  levels  as  are  marked  by 
any  considerable  break  in  the  normal  succession  of  the  strata :  such, 
for  example,  as  that  which  occurs  so  often  all  down  thn>ugh  the 
Yale  of  Wardour,  and  down  to  the  coast  of  Dorsetshire,  the 
Cretaceous  series  resting  unconformably  upon  various  members  of 
the  Mesozoic  strata,  down  even  to  the  Trias. 

We  must  return  for  a  further  brief  consideration  of  the  Bagshot 

strata.     In  the  pursuance  of  my  observation  upon  these  strata  in 

East  Berkshire,  the  conviction  has  gradually  grown  up  in  my  own 

mind,  that  the  relative  distribution  of  the  different  members  of  that 

^  Comp.  tV'aiiklyn*9  ffuier  AnaiytU,  6th  ed.  1879,  p.  49.  .i 
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series  is  not  acouratelj  delineated  on  the  map  (now  somewhat 
antiquated)  of  the  Survey.  I  have  not  yet  completed  the  evidence 
BO  far  as  to  warrant  me  in  bringing  it  forward  in  a  more  formal 
manner ;  but,  in  brief,  the  conclusion  at  which  I  have  provisionally 
arrived  is  that  a  far  greater  horizontal  distribution  of  the  Upper 
Bagshot  Sands  exists,  than  is  represented  on  the  map.  The  passage- 
beds  from  the  Middle  to  the  Upper  Bagshot  strata  have  certain 
physical  characters  recognizable  by  those  who  have  made  a  special 
study  of  the  district ;  and  by  these  means  one  can  make  out  pretty 
well  an  identity,  as  to  horizon,  of  the  sands,  etc.,  exposed  resting  on 
the  eroded  surface  of  the  London  Clay,  at  Wokingham  in  one  direc- 
tion and  at  Aldershot  in  the  other,  with  the  strata  exposed  in  the 
railway-cuttings  near  Wellington  College  Station.*  The  continuity 
of  the  Upper  Sands  had  been  greatly  destroyed  by  denudation ;  but 
that  18  no  proof  that  there  was  not  once  a  continuous  deposit  of  them, 
covering  up  completely  the  Middle  and  Lower  series,  overlapping 
these,  and  extending  itself  upon  the  eroded  surfaces  of  the  Loudon 
Clay,  which  must  have  flanked  the  great  estuary  in  which  these 
Upper  Sands  were  accumulated.  All  the  physical  characters  point 
to  the  deposition  of  the  Middle  and  Lower  series  having  taken  place 
under  conditions  which  prevailed  in  the  marshes  and  lagoons  of  an 
extensive  delta;  while  the  absence  of  all  indications  of  such  con- 
ditions in  the  Upper  Sands,  and  the  presence  in  them  in  places  of 
great  numbers  of  ferruginous  casts  of  marine  shells,  seems  to  record 
the  fact  (taking  the  negative  evidence  with  the  positive)  that  the 
period  represented  by  the  Upper  Sands  was  marked  by  a  gradual 
subsidence,  which  led  to  a  much  greater  extension  of  the  area  of 
deposition  (in  the  London  Basin)  and  an  encroachment  of  marine 
waters.  We  seem  justified  then  in  regarding  the  Upper  Bagshot 
Sands  as  a  true  eeiuarine  deposit ;  and  it  will  be  seen  at  once,  that  this 
fact  is  of  considerable  practical  importance  as  bearing  upon  water- 
supply,  and  should  be  borne  in  mind  in  the  selection  of  sites  for 
new  wells,  and  in  determining  the  depth  to  which  such  wells  should 
be  dug,  in  the  Bagshot  District. 

V. — Gulf  Stream  Dbposits. 
By  T.  Mbllard  Reads,  F.G.S. 

THE  interesting  and  important  results  of  the  dredgings  by  the 
U.  8.  Steamer  Albatross '  between  July  and  September  1884, 
should  not  be  allowed  to  pass  without  notice  by  geologists. 

In  N.  lat  39°  46'  30'^  W.  long.  70°  14'  45",  large  blocks  of  sandy 
clay,  some  weighing  100  lbs.,  were  brought  up.  *'  It  was  estimated 
about  a  ton  was  brought  up."     The  depth  was  1060  fathoms. 

In  1168  fathoms  N.  lat  38°  27',  W.  long.  73°  02',  the  dredge 
brought  up  "  a  large  quantity  of  masses  of  hard  but  sticky  greenish- 
blue  clay,  some  masses  varying  to  yellowish  and  buff  colours." 

These  depths  of  the  sea,  which  are  both  over  a  mile,  and  from  100 

*  Compare  IVotf,  Oeol,  Jtsoe.f  loe.  eit, 

'  Marine  Fauna  and  Deep-sea  Deposits  off  the  Southern  Coast  of  New  England, 
by  A.  £.  Yerrill. — ^Amer.  Joom.  of  Science,  November,  1884. 
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to  120  miles  from  the  land,  onght  according  to  the  Challenger 
experiences  to  be  occapied  by  "  Globigerina  Ooze,"  but  so  far  from 
the  theory  of  distribution  of  oceanic  deposits  by  depth  holding  good 
in  the  region  of  the  Gulf  Stream,  it  is  stated  by  Prof.  Verrill  **  in 
other  localities  in  1000  to  1600  fathoms,  the  bottom  is  covered 
with,  or  largely  composed  of,  hard,  very  irregular  flattened  crust- 
like concretions  of  clay  and  iron  oxide." 

In  another  station  •*  a  large  number  of  pebbles  and  small  rounded 
boulders  of  granite,  porphyry,  etc.,"  occurred  in  a  depth  of  2021 
fathoms. 

"  In  all  our  ten  localities  between  2000  and  8000  fathoms  t^ie 
bottom  has  been  *  Globigerina  Ooze.'  We  have  never  met  with 
the  *  red  clay '  which  ought  to  occur  at  snch  depths  according  to 
the  observations  made  in  the  cruise  of  the  Challenger." 

It  is  rather  refreshing,  after  ail,  to  find  that  Nature  works  in  the 
Bea  as  elsewhere,  in  varied  ways,  and  that  it  is  not  as  was  generally 
supposed  that  monotonous  waste  of  **  ooze  "  and  "  red  clay  "  mathe- 
matically arranged  according  to  depth. 

The  Challenger  work,  while  of  enormous  value,  has  also  been  in 
my  opinion  the  source  of  many  misconceptions  and  generalizations 
really  unwarranted  by  the  extent  and  nature  of  the  information 
gathered. 

Before  we  can  accept  the  dictum  that  all  sedimentary  deposits 
arising  from  the  settlement  of  matter  in  suspension  are  confined  to 
a  zone  not  reaching  over  200  miles  from  the  land,  we  must  have 
many  more  dredgings  around  the  continental  coasts.  In  this  excel- 
lent work  of  the  Albatross  we  have,  I  think,  evidence  that  ocean 
currents  such,  as  the  Gulf  Stream,  carry  with  them  matter  in  suspen- 
sion— and  it  is  unreasonable  to  suppose  that  this  must  necessarily 
be  all  deposited  within  a  certain  limited  distance  from  the  land — its 
deposition  being  really  determined  by  the  velocity  of  the  current. 
1  have  recently  in  my  Presidential  Address  to  the  Liverpool  Geolo- 
gical Society  given  my  I'easons  for  thinking  that  the  fine  argillaceous 
matter  which  is  found  among  all  the  deep-sea  oozes  is  really  a  me- 
chanical deposit  from  the  ocean  waters. 

It  would  seem  to  me  that  while  every  new  deep-sea  dredging  to 
some  extent  modifies  previous  views,  it  is  hardly  wise  to  attempt  to 
draw  for  all  time  such  ngid  lines  of  demarkation  between  the  land 
and  the  ocean  as  some  have  lately  tried  to  do. 


ITOTICES      OIF      3S4:E2vi:OIie.S- 


I. — ^Mapoteca  Gbologica  Ambricana. 

A  Catalogue  of  Geological  Maps  of  North  and  South  America,  in 
geogmphic  and  chronologic  order,  has  just  been  published  by 
the  United  States  Geological  Survey  (1884:).*  ITie  work  has  been 
prepared  by  Messrs.  Jules  Marcou  and  J.  B.  Marcou. 

The  earliest  map  noted  is  one  dated  1752,  by  J.  E.  Guettard, 

1  Bulletm  of  the  United  States  Geological  Surrey,  No.  7. 
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entitled  **  Carte  mineralogique.  ou  i'on  voit  la  nature  des  terrains  du 
Canada  et  de  la  Louieiane." 

A  geological  map  of  a  part  of  Massachusetts  on  Connecticut  Biver, 
by  E.  Hitchcock  (1817),  is  next  in  point  of  date;  after  which  the 
number  rapidly  increases,  so  that  no  less  than  924:  maps  are 
enumerated  in  this  Catalogue,  which  includes  all  maps  published  to 
the  end  of  1881. 

In  an  introduction  the  authors  give  some  acoount  of  the  history  of 
geological  maps,  and  state  that  ''  The  first  geological  map  is  due  to 
the  Abbe  L.  Coulon,  Paris,  1664.  It  appeared  in  a  little  volume 
entitled,  "  Les  Rivieres  de  France,"  a  very  rgore  work,  of  which  but 
very  few  copies  exist  in  the  libraries  of  Paris." 

II. — Notice  of  a  Geological  Map  of  Monte  Somma  and  Vesuvius.^ 
By  H.  J.  John8Ton-Lavi8,  F.G.S. 

VESUVIUS,  using  this  term  for  the  whole  volcanic  pile,  is  of  all 
known  volcanoes  that  one  which  heis  been  most  studied  and 
written  about,  its  phenomena  more  investigated  than  any  of  its 
rivals,  and  although  its  early  history  is  not  so  complete  as  that  of  its 
fellows,  Etna  and  Stromboli,  yet  its  eruptions  during  the  Christian 
Era  are  so  intimately  connected  with  the  ill-fated  cities  of  Pompeii, 
etc.,  and  thus  with  archaeology,  that  this  alone  is  sufficient  to  make 
it  most  prominent. 

But  beyond  this,  its  geological  structure  is  so  varied,  its  products 
BO  numerous,  its  past  and  present  historic  activity  permitting  the 
comparative  study  of  these  to  be  carried  on,  together  with  its  con- 
venient size  and  accessibility,  led  the  author  some  years  since  to 
conceive  the  idea  of  minutely  investigating  its  phenomena  and 
structure,  which  it  is  his  intention  to  publish  in  the  form  of  a 
monograph  and  a  geological  map. 

The  two  out  of  six  sheets  forming  the  splendid  map  constructed 
in  1876  by  the  students  of  the  Italian  School  of  Military  Topo-* 
graphy,  on  the  large  scale  of  1  :  10,000  have  been  coloured  in  seven 
different  tints,  indicating  the  various  products  of  different  eruptive 
periods,*  with  indications  of  dykes,  of  lateral  craterets,  of  springs 
simple,  or  thermo- mineral,  blowing  caverns,  buried  antiquities  (of 
geological  interest),  etc.  The  work  has  now  extended  over  four 
summers,  and  the  examination  of  about  half,  including  the  most 
complicated  part  of  the  mountain,  has  been  completed,  and  the 
author  hopes  that  if  he  is  able  to  continue  the  work  during  the 
present  and  next  summer,  to  finish  it  by  the  autumn  of  1885.  This 
long  time  occupied  in  the  work  is  dependent  on  various  causes. 
Ist.  The  great  intricacy  of  the  geology.  2nd.  The  thick  vegetation 
requiring  very  numerous  traverses.  3rd.  The  author,  for  pro- 
fessional reasons,  being  only  able  to  devote  the  summer  months  to 
the  work ;  the  hot  Neapolitan  sun  of  this  season  is  so  exhausting 
that  not  more  than  four  field  days  a  week  are  possible,  and  even  then 
at  a  considerable  sacrifice  of  health.     In  the  two  sheets  exhibited 

»  Brit.  Assoc.  Reports  (Sec.  C.  Geology),  Montreal,  1884. 

'  See  Memoir  by  the  author  in  Quart.  Joum.  Geoh  Soc.  January,  1884. 
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are  a  few  blanks  that  require  further  study,  or  have  been  left  for 
various  reasons.  The  work  on  the  other  four  sheets  is  of  so  scattered 
a  nature  at  present  that  it  was  not  thought  advisable  to  exhibit  them 
till  in  a  more  complete  state. 

Besides  the  actual  mapping,  a  large  amount  of  notes  of  a  descrip- 
tive character  have  been  collected,  and  all  the  important  features 
and  sections  photographed  on  a  large  scale.  Specimens  of  the 
various  lavas,  ejected  blocks,  tufas,  pumices,  etc.,  have  been  care- 
fully selected  as  the  work  went  on,  so  that  the  author  has  now  in 
his  possession  by  far  the  most  complete  geological  collection  from 
the  mountain  yet  extant,  and  which  are  open  to  the  study  of  any  one 
who  should  care  to  investigate  them. 


li  E  -V  X  E  ^W  S- 


I. — Tub  Azoic  Ststem  and  its  peoposbd  Subdivisions.  By  J.  D. 
Whitney  and  M.  E.  Wadswobth.  (Bulletin  of  the  Museum  of 
Comparative  Zoology,  at  Harvard  College,  Geological  Series, 
Vol.  I.) 

THOSE  who  have  read  Dr.  Sterry  Hunt's  "  Special  Report  on  the 
Trap  Dykes  and  Azoic  Rocks  of  South-eastern  Pennsylvania," 
which  is  in  fact  a  risumS  of  the  evidence  on  Dr.  Hunt's  side  of  the 
Archeean  controversy,  will  be  interested  in  the  book  before  us.  Prof. 
Whitney  and  Dr.  Wads  worth  renounce  Dr.  Sterry  Hunt  and  all  his 
works.  They  present  the  case  against  him  with  fullness  and  force. 
They  regard  most  of  his  chief  conclusions  as  either  unsubstantial 
dreams  or  pernicious  heresies.  They  are,  in  truth,  as  thoroughgoing 
in  their  condemnation  of  the  modem  views  on  Archaean  Geology  as 
Dr.  Hunt  is  in  their  suppoii;.  Dr.  Hunt's  boldness  in  creating  hypo- 
theses seems  to  have  driven  our  authors  into  the  extreme  of  scientific 
scepticism.  This  reaction  is  not  altogether  unnatural.  Those  who 
desire  to  take  an  impartial  view  of  the  ArchsBan  controversy  will 
anticipate  that,  from  the  strong  antagonism  of  the  disputants,  there 
may  arise  a  searching  inquiiy  into  the  grounds  on  which  their  con- 
clusions are  based. 

Dr.  Hunt  claims  that  he  and  his  co-workers  have  established  the 
existence  of  seven  distinct  terranes  amongst  the  rocks  which  underlie 
the  Cambrian.     These,  taken  in  ascending  order,  are  as  follows  : — 

I.  Laitubntian. 

II.  NoRiAN  or  Labradorian. 
III.  Arvonian. 
•  IV.  HuRONiAN ;  the  altered  Quebec  group  of  Logan. 

V.  MoNTALBAN  or  Mica-schlfit  series. 
VI.  Taconian  ;  the  Lower  Taconic  of  Emmons. 

TIL  Kewbenian  ;  the  Copper-bearing  series  of  Lake  Superior.  Dr.  Hunt  is  not 
certain  that  this  group  may  not  be  roughly  contemporaneous  with  the 
Taconian. 

This  list  is  an  imposing  one,  and,  if  it  represents  the  facts  of  nature, 
tlie  range  of  Archsdan  time  may  well  compare  with  that  of  the  entire 
Palaeozoic  series,  and  the  study  of  these  ancient  rocks  becomes  one 
of  the  first  importance. 
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Our  authors  deal  very  trenchantly  with  Dr.  Hunt's  conclusions. 
The  Norian,  Arvonian,  and  part  of  the  Huronian  are  relegated  to  the 
category  of  intrusive  igneous  rocks.  The  rest  of  the  Uuronian  is 
regardcK)  as  a  variety  of  things,  but  usually  as  altered  "  Silurian."  For 
the  Keweenian  a  Potsdam  age  is  positively  claimed.  The  Montalban 
and  Taconian  are  either  a  part  of  the  (so-called)  Laurentian  or 
metamorphosed  Palaeozoic  rock.  Nothing  is  left,  but  a  confused 
mass  of  strata,  to  which  the  general  name  of  "  Azoic  "  is  applied. 
If  our  authors  are  right,  the  Archsean  regions  are  almost  a  terra 
incognita.  Few  true  results  have  been  obtained,  because  false 
methods  of  work  have  been  adopted. 

One  of  the  fallacies  which,  in  the  view  of  Messrs.  Whitney  and 
Wadsworth,  has  misled  Logan  and  his  followers,  is  the  assumption 
that  the  so-called  metamorphic  rocks  were  deposited  as  aqueous  sedi- 
ments, and  that  the  present  foliation  corresponds  with  the  original 
bedding.  Our  authors  do  well  to  express  this  caution.  Igneous 
rocks,  which  have  by  pressure  acquired  a  foliated  structure,  have 
sometimes  been  described  as  metamorphic,  and  identified  as  Archaean 
formations  ;  but  modern  workers  are  becoming  aware  of  the  danger 
of  deception,  and  a  good  field  geologist  will  rarely  be  led  astray. 
Part  of  the  old  work  will  probably  require  revision,  and  some  of 
the  *'  Archaean "  masses  may  fall  back  into  their  old  state  of 
"  granite  "  or  "greenstone."  But  we  apprehend  that  the  American 
and  Canadian  Archaean  geologists  will  hardly  admit  that  the  exist- 
ence of  pressure  foliation  in  igneous  rocks  is  a  fatal  hindrance  to 
the  success  of  their  work. 

Our  authors  also  wisely  call  attention  to  the  possibility  of  error  in 
using  the  test  of  included  fragments.  They  insist  upon  the  fact — 
familiar  enough  to  geologists — that  in  volcanic  formations,  included 
fragments  may  be  the  result  of  contemporaneous  denudation.  They 
assert  that  the  so-called  Keweenian  (Keweenawan)  system  owes  its 
existence  to  the  blunder  of  supposing  that  conglomerates  in  Potsdam 
rocks  prove  the  superior  antiquity  of  the  masses  from  which  the 
included  pebbles  were  derived.  Other  errors  of  the  same  kind 
have,  in  the  view  of  our  authors,  seriously  invalidated  many  of  the 
conclusions  of  Hunt  and  his  co-workers.  On  these  criticisms,  with 
the  evidence  furnished  in  the  book  before  us,  we  can  say  nothing. 
Each  case  must  be  tested  on  its  own  merits,  and  an  opinion  can 
only  be  formed  on  full  lithological  descriptions,  confirmed  by  the 
microscope. 

It  was  to  be  expected  that  our  authors  would  make  a  point  of 
Dr.  Hunt's  frequent  change  of  opinion.  But  it  is  only  fair  to  Dr.  . 
Hunt  to  state  that  these  changes  have  usually  been  in  one  direction. 
Territory  after  territory  has  been  absorbed  into  the  Archaean  empire, 
but  we  do  not  remember  any  case  in  which  the  conqueror  has  re- 
stored any  of  his  annexations. 

British  geologists  will  be  rather  surprised  to  learn  that  even  Sir 
Boderick  Murchison  betrayed  a  "want  of  tenacity  of  opinion"  on. 
the  Archaean  question.  Our  authors,  however,  accuse  him  (p.  521) 
of  this  weakness,  simply  because  he  recognized  the  Laurentian  and 
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Huronian  systems  of  the  Canadian  geologists,  and  admitted  that 
Eozoon  was  organic.  Tliis  critical  narrowness  is,  in  the  same  page, 
accompanied  by  a  bold  inaccuracy,  by  which  a  hesitating  opinion  of 
Murchison  is  converted  into  a  contradiction. 

If  so  conservative  a  geologist,  as  Murchison  was  in  his  later  years, 
comes  under  the  censure  of  Prof.  Whitney  and  Dr.  Wadsworth,  we 
are  not  astonished  to  read  in  these  pages  that  **  no  reliance  is  to  be 
plaoed  in  Logan's  much  vaunted  work  and  sections,  beyond  the  ques- 
tion of  surface  distribution/'  and  that  Dana,  James  Hall,  and, 
indeed,  the  great  bulk  of  American  and  Canadian  geologists,  became 
involved  in  confusion  and  error  when  they  got  among  the  crystalline 
rocks. 

Our  authors  bring  into  prominence  a  very  serious  discrepancy 
amongst  the  American  students  of  the  old  rocks.  Dr.  Sterry  Hunt 
definitely  places  the  Norian  below  the  Huronian,  and  the  Huronian 
below  the  Montalban.  But  Prof.  C.  H.  Hitchcock,  as  quoted  by  our 
authors,  makes  both  the  Norian  (pp.  390,  392)  and  the  Huronian 
(pp.  393,  461)  to  be  younger  than  the  Montalban.  In  the  British 
area.  Dr.  Hunt  has  identified  the  Huronian  and  the  Montalban  ;  but 
his  older  series  is  less  crystalline  than  the  younger,  and  the  present 
writer  hopes  soon  to  publish  stratigraphical  evidence  which  will  tend 
to  reverse  the  order  which  Dr.  Hunt  has  announced,  so  far  as  these 
islands  are  concerned.  This  is  a  matter  which  requires  some 
explanation  from  American  geologists. 

Our  authors,  "  in  view  of  the  contradictions  and  confusion  of  ideas 
thus  shown  to  exist  among  the  most  eminent  geologists  in  reference 
to  the  nomenclature  of  the  oldest  crystsdline  rocks,"  offer  "  a  con- 
tribution "  towards  a  "  more  definite  understanding  "  of  the  subject. 
The  first  part  of  this  "contribution"  is  a  defence  of  the  term 
"  Azoic."  It  is,  perhaps,  not  unnatural  that  Messrs.  Whitney  and 
Wadsworth  should  uphold  the  use  of  a  term  which  was  originally 
proposed  by  Messrs.  Foster  and  Whitney.  Our  authors  maintain 
that  the  usual  evidence  for  the  existence  of  organic  remains  in  the 
rooks  below  the  Cambrian  is  insufficient.  Eozoon,  they  contend,  is 
a  mineral  structure,  and  limestones  may  be  formed  without  the 
agency  of  animals  or  plants.  Apatite,  also,  and  the  forms  of  carbon, 
graphite  and  the  diamond,  occur  as  the  original  constituents  of  rocks. 
All  this  may  be  consistently  admitted  without  accepting  the  term 
"  Azoic,"  which  implies,  not  that  no  traces  of  life  have  been  found, 
but  that  none  occur,  in  the  old  rocks.  This  argument  appears  to 
have  affected  Dr.  Sterry  Hunt  in  a  very  singular  manner.  In  his 
•  work  on  South-eastern  Pennsylvania,  in  1878,  he  uses  the  term 
"  Azoic " ;  but,  since  the  publication  of  the  book  before  us,  he  has 
announced  ^  the  adoption  of  the  word  "  Hypozoia"  This  is  like 
converting  a  sinner  to  the  error  of  his  way. 

A  second  "  contribution "  towards  a  settlement  is  the  statement 

that ''  no  fact  is  better  or  more  generally  recognized  than  this  :  that 

geological  time  can  only  be  kept  by  the  aid  of  palasontology  "  (p.  652), 

an  assertion  which  will  come  to  most  British  geologists  as  a  revelation 

»  Geol.  Mag.  Not,  1884,  p.  606, 
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of  the  unknown.  If  this  ''fact "  be  admitted,  of  course  there  is  an 
end  of  the  matter.  If  time  can  be  kept  only  by  a  gold  watch,  it  is 
useless  to  purchase  a  silver  one.  But  some  of  us  can  remember 
that,  long  before  Archaean  geology  became  a  prominent  study, 
attempts  were  made  to  keep  geological  time  without  the  aid  of 
fossils.  The  Harlech  grits  and  the  Tarannon  shales,  for  example, 
were  assigned  their  approximate  place  without  a  particle  of  fossil 
evidence ;  and,  even  if  the  past  conclusions  of  Archsean  geologists 
should  prove  to  be  altogether  fallacious,  it  seems  scarcely  scientific 
to  assume  that  only  one  tt^st  of  age  is  applicable,  and  on  this  groun4 
to  prohibit  efforts  to  make  out  a  succession  in  the  Pre-Cambrian 
rocks. 

Our  authors  state  (p.  660)  that  "  only  lithological  principles  are 
used  in  making  these  (Dr.  Hunt's)  divisions,  and  every  fact  pertaining 
to  the  origin  and  relations  of  these  rocks  is  ignored.''  If  this  is  so. 
Dr.  Hunt  must  be  very  wild  indeed.  But  having  thrice  read  his 
•*  Trap  Dykes  and  Azoic  Rocks  "  with  great  care,  the  present  reviewer 
must  in  justice  affirm  that  a  large  proportion  of  that  elaborate  work 
is  occupied  in  attempts  (successful  or  otherwise)  to  explain  "  the 
origin  and  relations  "  of  the  rocks  in  question.  The  ''contribution  " 
which  our  authors  offer  under  this  head  is,  of  course,  that  "  litho- 
logical principles  "  should  not  be  exclusively  employed,  a  piece  of 
advice  which  will  be  unanimously,  if  not  than^kfully,  accepted. 

This  paper  will  fitly  close  with  our  authors'  last  **  contribution  " 
to  a  settlement  Side  by  side  with s Dr.  Hunt's  "Chronological 
arrangement  of  the  Crystalline  Rocks,"  based,  they  say,  exclusively 
upon  **  lithological  principles,"  is  presented  a  new  classification  of 
their  own,  constructed  upon  the  same  model.     It  is  as  follows : — 

IxiuEENTiAN Granites,  Gneisses,  and  Syenites. 

SiDBHiAN   Ma^etite,  Hematite,  Menaccanite. 

i)PHiAN I'endotites,  including  Serpentines. 

NoHiAN Gabbros,  coarse  Diabases  and  Diorites. 

Arvonian Felsite,  Quartz  Porphyry,  Fetrosilex,  Jaspilite. 

Po&PHY&iAN Porphyrites. 

HuRoNiAN Diorites,  Diabases,  Melapbyres,  Chlorite  Schists. 

MoNTALBAN Mica  schists. 

Cktstallian    Quartzites,  Quartz  schists. 

Tacoxian Limestones. 

Glacian    Conglomerates. 

Pblodiak Argillites. 

It  is,  of  course,  impossible  to  exhaustively  criticize  this  book 
within  the  limits  of  a  short  paper.  All  that  has  been  attempted  is 
to  emphasize  some  wise  cautions  which  Archadan  geologists  have 
sometimes  neglected ;  to  point  out  wherein  the  authors  have  mis- 
stated or  misunderstood  the  views  of  their  opponents,  and  to  show 
that  their  own  contributions  towards  a  settlement  add  little  or 
nothing  to  the  controversy. 

In  conclusion,  it  may  be  suggested  that  wholesale  charges  of 
ignorance  and  incompetence  are  not  arguments^  and  do  not  tend  to 
mitigate  controversial  acerbity.  0.  Callaway. 
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II. — A  Guide  to  the  Mineral  Gallery  op  the  British  Musetth 
(Natural  History),  Cromwell  Boad,  South  Kensington.  With 
AN  Introduction  to  the  Study  of  Minerals.  (By  L.  Fletcher, 
M.A.,  F.G.S.,  etc.)     Printed  by  Order  of  the  Trustees,  1884. 

THE  removal  of  the  Natural  History  Collections  of  the  British 
Museum  from  their  old  home  in  Bloomsbury  to  the  larger 
buildings  at  South  Kensington  has  permitted,  not  only  of  their  more 
complete  exhibition,  but  also  of  their  being  arranged  in  such  a  way 
as  to  be  of  far  greater  value  for  educational  purposes.  The  curators 
of  the  several  divisions  of  the  Museum  have  hastened  to  take  advantage 
of  the  opportunities  now  offered  to  them.  The  Index  Museum,  the 
Osteological  Collection,  and  the  beautiful  illustrations  of  the 
nidification  of  birds,  all  bear  witness  to  the  desire  on  the  part  of 
the  director  and  keepers  to  make  the  Museum  something  more  than 
a  mere  show  :  and  every  gallery  as  it  is  thrown  open  to  the  public, 
after  the  heavy  task  of  re-arrangement  is  completed,  exhibits  to  a 
greater  or  less  degree  evidence  of  a  determination  to  consult  the 
wants  of  students  while  those  of  the  general  public  are  not  lost 
sight  of. 

We  have  much  pleasure  in  calling  attention  to  the  excellent  little 
Guide  to  the  Mineral  (3allery,  in  which  the  present  arrangement 
and  the  reasons  for  adopting  it  are  explained  and  illustrated  with 
admirable  clearness  by  Mr.  Fletcher,  the  Keeper  of  the  Collection. 

Mr.  Fletcher  first  tells  us  the  history  of  this  now  famous  collection 
of  minerals — one  which  he  speaks  of  with  jnst  pride  as  of 
"perhaps  unrivalled  excellence  as  well  in  its  general  completeness 
as  in  the  perfection  of  individual  specimens."  He  shows  how 
around  the  nucleus  of  a  few  agates  and  other  worked  specimens  in 
Sir  Hans  Sloane's  museum,  the  collections  obtained  by  purchase  or 
bequest  were  gradually  gathered.  Among  the  chief  collections  of 
minerals  which  were  thus  acquired  by  the  British  Museum  were 
those  of  Cracherode,  Greville,  (3^eorge  IV.,  Heuland,  Lady  Aylesford, 
and  Dr.  Bright;  but  most  important  of  all,  on  account  of  the  care  with 
which  they  were  made,  those  of  Allan  and  Greg  and  of  Kokscharow. 
Mr.  Fletcher  bears  testimony  to  the  judgment  with  which  Mr.  Story- 
Maskelyne,  his  predecessor  in  the  office  of  Keeper  during  nearly  a 
quarter  of  a  century,  advised  the  Trustees  in  the  purchase  of  the 
specimens  which  were  required  to  make  the  collection  complete  in 
its  various  departments. 

As  the  author  of  the  Guide  points  out,  it  is  very  difficult  to  make 
the  grounds  of  mineralogical  classification  clear  to  persons  who  have 
not  made  a  special  study  of  the  subject  Those  who  walk  through 
the  galleries  will  be  struck  by  the  fact  that  minerals  of  very  similar 
appearance  are  placed  far  apart  from  one  another,  while  others  which 
differ  in  colour  and  general  aspect  to  a  most  surprising  extent  are 
grouped  together  under  the  same  name.  To  make  the  reasons  of  these 
apparent  anomalies  clear  to  the  general  public  is  the  object  the  "  Intro- 
duction to  the  Study  of  Minerals,"  which  occupies  some  forty-four 
pages  of  this  little  guide. 

In  writing  this  charming  little  sketch,  Mr.  Fletcher  has,  very 
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jodicionsly  we  tbink,  adopted  the  historical  method.  The  difficnlties 
which  confront  the  individual  in  his  study  of  minerals  are  precisely 
those  which  have  been  encountered  and  surmounted  by  successive 
generations  of  mineralogists  in  the  past.  In  the  space  at  his  com- 
mand, the  author  can  of  course  do  little  more  than  sketch  in  brief 
outline  the  evolution  of  our  knowledge  concerning  the  crystallo- 
graphio  forms,  the  chemical  composition  and  the  physical  properties 
of  minerals,  but  so  admirably  is  this  done  that  we  cannot  refrain 
from  expressing  a  wish  that  the  excellent  method  of  the  author 
should  be  fully  developed.  A  handbook  of  mineralogy,  constructed 
on  the  same  lines,  would  be  of  immense  service  to  the  student,  and 
wonld  go  far  towards  redeeming  mineralogy  from  the  reproach  it 
undoubtedly  su£fers  under  at  present,  of  being  one  of  the  dullest 
of  sciences. 

Students  have,  however,  abundant  cause  for  gratitude  to  the 
Keeper  of  the  Mineral  Collections  for  what  he  has  already  done  for 
them,  by  the  selection  from  the  rich  stores  of  the  Museum  of  admirable 
series  of  specimens  illustrating  the  chief  characters  of  Minerals. 
The  different  systems  of  crystallization,  the  variations  in  the  develop- 
ment of  crystal  faces,  the  formation  of  twins,  and  crystalline 
aggregates,  together  with  illustrations  of  dimorphism,  trimorphism, 
isomorphism  and  pseudomorphism,  are  all  exemplified  in  this  way. 
Similarly,  the  physical  properties  of  minerals  are  illustrated  by 
series  showing  the  scales  of  colour,  lustre,  and  other  optical  character- 
istics r-  of  cleavage,  fracture,  structure,  and  of  those  other  properties 
which  can  only  be  determined  by  experiment.  More  advanced 
students  will  find  in  the  very  large  collection  of  wood  models  of 
crystals,  of  natural  and  artificial  crystals,  and  of  different  varieties  of 
pseudomorphs,  abundant  materials  demanding  their  attention. 

The  systematic  collection  remains  in  much  the  same  condition  as 
it  was  at  Bloomsbury,  except  in  so  far  that  the  increased  space  has 
permitted  of  diminished  crowding  of  specimens,  and  of  the  intro- 
duction of  fresh  varieties.  No  classification  of  minerals  is  likely  to 
command  universal  assent,  and  that  employed  at  the  Museum  may 
fairly  claim  to  present  as  many  advantages  and  as  few  disadvantages 
as  any  of  its  rivals. 

Persons  in  the  constant  habit  of  consulting  the  Collection  will 
find  that,  by  a  very  thoughtful  arrangement,  recent  additions  by 
purchase  or  donation  are  exhibited  in  a  special  case  for  a  short  time 
previous  to  their  dispersion  through  the  Collection. 

We  are  glad  to  find  from  this  guide  that  the  Keeper  of  the 
Collection  is  alive  to  the  fact  that  Mineralogy  forms  the  Alphabet 
of  Petrography.  Time  has  not  yet  permitted  of  the  arrangement  of 
the  Kock-CoUections  of  the  Museum ;  and,  until  this  is  done,  the 
Mineral  Gallery  remains  incomplete  in  one  of  its  most  important 
departments.  The  general  public,  as  well  as  students,  will  find 
much  of  interest  in  the  Pavilion,  where,  in  addition  to  the  meteorites, 
are  gathered  together  many  remarkably  large  examples  of  special 
minerals  and  rocks,  with  illustrations  of  their  economic  value. 

J.  W.  J. 

SBCAOB  in. — ^VOL.   II. — NO.   I.  3 
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III. — A  Treatise  on  Orb  Deposits.  By  John  Arthur  Phillips, 
F.R.S.,  V.P.G.S.,  F.C.S.,  etc.  Royal  8vo.  pp.  652,  and  xvi.  with 
96  Illustrations.     (London  :  Macmillan  &  Co.,  1884.) 

MR  PHIIyLIPS  is  well  known  as  a  high  authority  on  all  matters 
relating  to  Mining  and  Metallurgy ;  his  '*  Manual  of  Metal- 
lurgy," and  his  "Mining  and  Metallurgy  of  Gold  and  Silver," 
being  standard  books  of  reference. 

In  the  present  work  the  author  has  been  assisted  by  Mr.  B.  H. 
Brough,  A.RS.M.,  and  the  illnstrations  are  from  the  pencil  of  Mr. 
Frank  Rutley.  The  subject  is  treated  in  the  broadest  and  most 
cosmopolitan  manner,  every  country  in  which  mining  operations  are 
earned  on  being  more  or  less  fully  noticed.  Commencing  with 
Ore-deposits  in  general,  the  author  writes  : — "  Metals  which  occur  in 
a  state  of  approximate  purity  are  said  to  be  native,  and  when  two  or 
more  such  metals  are  found  in  combination,  the  mixture  is  called  a 
native  alloy.  Usually  the  metals  sought  after  by  the  miner  are, 
however,  not  found  in  the  native  state,  but  are  mineralized  by 
uniting  with  various  non-metal  lie  bodies.  In  this  way  they  combine 
with  sulphur  or  chlorine,  giving  rise,  respectively,  to  metallic  sul- 
phides or  chlorides  ;  with  oxygen  the  metals  form  oxides,  and  with 
acids  they  yield  salts,  such  as  carbonates,  sulphates,  and  phosphates. 

"  All  natural  combinations  of  a  metal  with  such  mineralizing  sub- 
stances are  called  ores  when  the  proportion  of  metal  which  they 
contain,  after  suitable  mechanical  preparation,  is  sufficiently  large  to 
admit  of  their  being  advantageously  treated  by  the  metallurgist 
Although  perhaps  not  strictly  correct,  any  material  obtained  by 
mining  that  contains  a  workable  proportion  of  a  metal  is  often  called 
an  ore,  even  if  the  whole  of  the  metal  be  present  in  the  native  state. 

Ores  of  the  different  metals  are  sometimes  found  in  surface-deposits, 
ditiseminated  through  igneous  and  sedimentary  rocks,  in  more  or  less 
regularly  stratified  or  bedded  formations,  in  detached  masses,  and, 
above  all,  in  veins  of  various  descriptions.  The  non-metalliferous 
minerals  forming  part  of  the  latter  are  known  as  the  matrix,  gangue, 
or  veinstone.  Metalliferous  minerals  are  found  in  rocks  of  every 
geological  age;  but  they  occur  most  frequently  in  mountainous 
districts,  and  in  the  older  rocks,  especially  near  junctions  of  igneous 
rocks  with  those  of  sedimentary  origin.  They  are  also  frequently 
met  with  in  strata  which  have  either  been  penetrated  by  eruptive 
dykes,  or  have  been  subjected  to  extensive  metamorphic  alteration. 
The  ores  of  each  of  the  different  metals  are,  however,  often  restricted 
within  certain  geological  horizons,  beyond  which  they  seldom  occur 
in  remunerative  quantities. 

"  Gold,  platinum,  and  tin  ore  are  found  in  alluvial  detritus,  in  which 
they  evidently  were  not  formed  by  chemical  action,  but  result  from 
the  disintegration  of  older  deposits  whose  constituents  have  been 
removed  and  re-arranged  by  the  mechanical  agency  of  water. 

**  The  fragments  constituting  the  superficial  deposits  are  usually 
much  water- worn,  and  the  associated  metals  or  metalliferous  particles 
are  mainly  concentrated  in  particular  areas,  over  which  water  has 
flowed  with  great  activity.     Metalliferous  deposits  of  this  kind  are 
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Qsaally  of  comparatively  recent  date,  and  are  generally  not  older 
than  the  Tertiary  period.  Localities  in  which  alluvial  detritus  is 
washed  for  gold  are  known  as  placers,  but  when  tinstone  is  the  ore 
sought  after  they  are  called  Streamworks. 

"The  ores  of  iron  and  manganese  are  almost  the  only  metalliferous 
minerals  usually  occurring  in  stratified  beds,  those  of  nearly  all  the 
other  metals  being  obtained  from  some  other  variety  of  mineral 
deposits. 

"  Although  aluminium  and  magnesium  are  now  regularly  produced 
upon  a  small  scale,  they  can  scarcely  be  classed  among  metals  derived 
from  metalliferous  ores  in  the  sense  in  which  that  term  is  usually 
understood.  The  same  may  be  said  of  sodium,  which  is  chiefly 
employed  in  the  preparation  of  the  two  above-mentioned  metals. 

"  Metalliferous  deposits  are  found  in  such  varying  forms,  and  under 
such  differing  circumstances,  that  it  might  at  first  appear  difficult 
to  classify  them  in  accordance  with  their  characteristic  peculiarities 
and  modes  of  occurrence.  A  careful  study  of  their  origin,  structure, 
and  composition  appears,  however,  to  justify  their  division  into  the 
following  groups : — 

I    Superficial      I  ^'  ^^P^**  formed  by  the  mechanical  action  of  "water. 
'     (  b.  Deposits  resulting  from  chemical  action. 

fa.  Deposits   constituting  the    bulk    of    metalliferous    beds 
I  formed  by  precipitation  from  aqueous  solutions. 

II    Stbatitisd        J  *•  ^^dso  riginally  deposited  from  solution,  but  subseqeuntlj 
1  altered  by  metamorphism. 

I  e.  Ores  disseminated  throup^h  sedimentary  beds,  in  which 
(.  the^  haye  been  chemically  depositeo. 

(a.  True  yeins. 
b.  Segregated 'V^JiB, 
Gash  yeins. 


j= 


f.  Fahlbands. 

g.  Contact  deposits. 

,  A.  Chambers  or  pockets." 

The  author  next  proceeds  to  describe  the  nature  of  those  ore- 
containing  superficial  deposits  which  have  been  formed  by  the 
mechanical  action  of  water. 

He  gives  a  graphic  description  of  the  auriferous  gravels  of  Cali- 
fornia and  the  method  of  obtaining  the  gold  therefrom  by  hydraulic 
mining. 

The  gravels  of  Victoria,  which  are  approximately  of  the  same 
geological  age  as  those  of  California,  more  frequently  represent  thd 
beds  of  ancient  rivers  whose  valleys  have  sinoe  been  covered  up  by 
volcanic  outflows.  Here  hydraulic  mining  cannot  be  successfully 
employed,  and  mining  beneath  the  lava-capping  has  to  be  resorted  to 
instead  (p.  7). 

The  Tin  Stream  Works  of  Cornwall  are  well  described,  and  present 
many  features  akin  to  those  in  which  gold  instead  of  tin  forms  the 
metal  to  be  sought  for. 

We  next  pass  on  to  stratified  rocks  containing  ore-deposits,  such  as 
limonite,  hematite,  argillaceous  ironstone  and  carbonate  of  iron,  the 
various  kinds  of  which,  with  their  mode  of  occurrence,  are  noticed. 
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The  copper-bearing  shales  of  Mansfield,  in  Prussian  Saxony,  are 
desoribed,  as  illustrating  sedimentary  beds  in  which  ojres  have  been 
chemically  deposited. 

We  next  pass  to  the  ore-deposits  met  with  in  unstratified  rocks 
which,  with  the  exception  of  iron  and  manganese,  yield  by  far  the 
larger  proportion  of  the  metalliferous  minerals. 

The  nature  of  true  veins  and  all  the  varieties  which  they  present, 
and  their  behaviour  and  distribution,  occupies  a  very  considerable 
space,  and  is  well  illustrated  by  numerous  woodcuts. 

This  concludes  Fart  I.  and  the  first  108  pages  of  the  book. 

Part  l\.,  which  occupies  616  pages,  is  devoted  to  a  description  of 
the  Ore-deposits  of  the  Principal  Mining  Regions,  and  so  with  Mr. 
Phillips  for  our  guide  we  traverse  England,  France,  Belgium, 
Germany,  Italy,  Greece,  Spain,  Portugal,  Sweden,  and  Russia.  Still, 
with  untiring  energy,  we  investigate  the  mineral  resources  of  Asia, 
and  then  set  sail  with  our  guide  for  Oceania,  visiting  the  Dutch 
East  Indies,  Japan,  and  the  Australasian  colonies ;  then  turning  to 
Africa,  we  find  mining  in  a  more  backward  state  in  the  dark  conti- 
nent than  elsewhere,  although  the  prospects  of  the  future  for  the 
Transvaal  gold  fields  may  perhaps  be  hopeful. 

In  Namaqualand,  mining  for  copper  ore  seems  to  promise  good 
returns. 

The  Two  Americas  naturally  demand  and  receive  a  fair  share  of 
attention,  having  more  than  100  pp.  devoted  to  their  ore-deposits. 

The  influence  exercised  of  late  years  on  our  currency  by  the 
enormous  output  of  silver  in  North  America  is  evidenced  by  the  table 
given  at  p.  657,  where  the  weight  and  value  of  the  precious  metals 
produced  in  the  United  States  alone,  for  the  year  ending  31  May, 
1880,  shows  :— 

Gold  in  ounces        1,614,741 

surer     „  31,797,474 

Having  a  total  value  of     £14,898,124    0*.    (id. 

The  former  of  which  would  represent  about     £6,620,438    0*.     OJ. 

Whilst  the  latter  would  amount  to  about    £8,277,686    0«.    0^. 

Space  does  not  permit  us  to  give  a  fuller  notice  of  Mr.  John  Arthur 
Phillips'  most  useful  volume,  although  its  merits  deserve  it.  The 
book  is  provided  with  an  excellent  index,  and,  he  who  mines  may 
read^  and  we  are  sure  he  will  find  this  volume  a  most  yaluable  and 
instructive  guide  in  whatever  part  of  the  globe  his  lot  may  be  cast 

IV. — On  the  Silueian  Gasteropoda  and  Ptbropoda  of  Gotland. 
By  G.  LiNDSTROM.  With  21  Plates.  Communicated  to  the 
Royal  Swedish  Academy  of  Sciences,  June  8th,  1881,  and  April 
9th,  1884.  Kongl.  Svenska  yetenskaps-Akademiens  Uandlingar, 
Bandet  19,  No.  6.  4to.  pp.  250.  Price  16«.  (Stockholm, 
1884  :  P.  A.  Norstedt  &  Soner ;  London,  Triibner  <fe  Co.) 

PROFESSOR  LINDSTROM,  so  favourably  known  as  an  authority 
on  Silurian  and  Devonian  Corals,  has  turned  his  attention  to 
the  fossil  MoUusca  of  the  Isle  of  Gotland,  and  this  splendid  mono- 
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graph  contains  the  results  of  his  researches  on  the  Gasteropoda  and 
Pteropoda  from  the  Silurian  strata  of  that  locality,  so  famous  for  the 
number  and  perfect  condition  of  its  fossils. 

The  author  gives  a  preliminary  sketch  (accompanied  by  an  outline 
map)  of  the  strata  and  the  different  localities  in  which  the  fossils 
occur,  and  indicates  the  physical  conditions  which  probably  prevailed 
at  the  time  the  Mollusoa  flourished.  It  appears  that  the  lowest  beds 
in  Gotland  are  shales,  occasionally  replaced  by  sandstones,  from  20 
to  100  feet  in  thickness.  The  lowest  zone  of  these  shales  contains 
Slricklandinta  lirata,  Etiomphalua  GotlandicuSi  Pleurotomaria  qiial- 
tertala,  var.,  and  a  species  of  Harpes,  and  it  corresponds  with  the 
Upper  Llandovery  of  this  country  ;  all  the  beds  above  this  zone  are 
of  Wenlock  age,  though  they  occasionally  contain  fossils  which  have 
been  thought  to  characterize  Upper  Ludlow  rooks.  In  the  lowest 
division,  65  species  of  Gasteropoda  are  present,  29  of  which  are 
limited  to  it,  whilst  36  pass  upwards  to  the  beds  above.  These  con- 
sist of  thin  flaggy  limestones,  with  seams  of  coarse  marly  shales,  in 
all  about  70  feet  in  thickness,  which  occur  in  Northern  and  Central 
Gotland ;  but  in  the  South  of  the  Island  they  are  replaced  by  a 
coarse  pisolitic  or  oolitic  rock,  not  more  than  20  feet  in  thickness. 
From  this  division  64  species  are  known,  but  only  12  are  peculiar  to 
it  Succeeding  this  division  are  beds  of  so-called  crinoidal  limestone, 
at  least  150  feet  in  thickness,  which  cover  a  wide  area  in  the  Northern 
aod  Central  portions  of  Gotland.  In  some  places  this  limestone  is 
almost  exclusively  composed  of  crinoidal  remains,  whilst  in  others, 
either  Corals,  Brachiopods,  Lamellibranchs,  Gasteropods,  or  Cepha- 
lopods  predominate  to  the  exclusion  of  other  forms.  This  upper- 
most  division  of  the  strata  of  the  island  is  by  far  the  richest  in 
Gasteropoda,  having  124  species,  of  which  81  are  peculiar  to  it 

The  state  of  preservation  of  the  shells  is,  of  course,  variable  in  the 
different  strata,  but  it  presents  some  peculiarities  not  readily  ac- 
counted for.  Thus  in  the  shales  of  one  locality  only  the  casts  or 
moulds  of  the  shells  are  preserved,  whilst  in  the  same  beds  but  a 
short  distance  apart,  the  shells  themselves  are  retained.  Again, 
whilst  some  genera  are  only  represented  by  casts,  others  inter- 
mingled with  them  in  the  same  beds  and  locality  possess  perfect 
shells,  which  probably  indicates  original  differences  in  the  chemical 
or  mineralogical  constitution  of  the  different  genera.*  The  shells,  when 
present,  are  now  mostly  of  a  cr^istalline  calcite,  but  in  some  the  inti- 
mate structure  can  be  recognized,  and  in  certain  examples  even  the 
pattern  of  the  original  colour-bands  and  traces  of  the  nacreous  lustre. 

Out  of  a  total  fauna  of  1007  species  in  the  Silurian  strata  of 
Gotland,  the  Gasteropoda  and  Pteropoda  number  174  species,  belong- 
ing to  25  genera.  But  a  very  small  proportion  of  these  has  been 
recognized  beyond  the  limits  of  Gotland,  and  only  the  following  13 
species  are  common  with  the  Silurian  strata  of  this  country,  viz. 
Flatyceras  comutum,  His.,  Platy.  spiratum,  Sow.,  Pleurotomaria  limata 
{znJSuomphaluB  earinatusy  Sow.),  P.  lahrosa,   Hall,  P.  alata^  His., 

1  See  H.  C.  Sorby,  F.R.S.,  <<  On  Structure  of  Shells,"  Anniversary  Address  to 
Geol.  Soc.  Lond.  1879,  pp.  56-93,  Quart.  Jouin.  GeoL  Soc.  toI.  xxxt. 
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P.  IXoydii,  Sow.,  P.  hieincta,  Hall,  Bellerophon  irtlohatus,  Sow., 
Loxonema  sintiosum,  Sow.,  Oriostoma  dtscora,  Sow.,  0.  rugoaum,  Sow., 
0.  scu/p^ttm,  Sow.,  and  Oyclonema  carinatum^  Sow.  Four  species  also 
occur  in  the  corresponding  strata  in  North  America,  but  none  in 
Bohemia. 

With  the  exception  of  the  genus  Chelodes,  which  belongs  to  the 
ChitonidcB,  and  the  genera  Subulites,  Euchrysalia,  and  possibly 
OnychochiluB,  which,  judging  from  their  apertural  characters,  belong 
to  the  Siphonostomata,  the  Gotland  Gasteropoda  are  included  in  the 
Holostomata.  Twelve  recent  families  are  probably  represented  ; 
but  there  is  some  doubt  wljether  the  forms  which  have  been  referred 
to  the  LitorinidsB,  PyramidelUdsB,  and  Turbinidee  rightly  belong  to 
these  groups.  Of  the  twenty-five  genera,  only  two,  Fleurotamaria 
and  Trochus,  still  remain  in  existence.  Though  Pleuroiomaria  had 
not  yet  attained  the  maximum  development  which  it  reached  in 
Jurassic  tiroes,  yet  even  here,  in  conjunction  with  Murchisonia^  it 
forms  about  one-third  of  the  species.  Some  degree  of  uncertainty 
inevitably  attends  the  affinities  of  many  of  the  Silurian  Gasteropoda  to 
recent  forms  with  which  they  have  been  associated,  but  there  are 
some  in  which  the  resemblances  are  too  striking  for  any  doubt  to  be 
felt  respecting  their  real  relationships.  Thus,  for  example,  the  muscular 
scars  on  the  interior  of  Tryhlidium,  Linds.,  clearly  prove  its  alliance 
with  the  Patellidaa,  and  the  Oriostomata  show  by  the  operculum  and 
the  nacreous  inner  layer  that  they  can  be  safely  included  in  the 
TurbinidaB.  , 

The  author  thinks  that  the  worn  and  abraded  condition  of  many 
of  the  shells  and  the  presence  of  members  of  the  Chitonidas  and 
Patellidad  indicate  a  littoral  character  for  the  fauna,  and  from  the 
presence  of  Pleurotomarim,  Trochiy  and  the  large  Pteropods,  that  it 
existed  under  tropical  conditions. 

The  greatest  number  of  species  of  Gasteropoda  recorded  from 
Gotland  by  previous  writers  did  not  exceed  23.  Murchison,  in  his 
paper,*  '*  On  the  Silurian  Rocks  of  Gotland,"  only  enumerates  9 
species,  whilst  Dr.  Bigsby  in  the  "  Thesaurus  Siluricus "'  catalogues 
30;  but  some  of  these  are  synonyms  and  others  arose  from  the 
curious  mistake  of  supposing  that  the  word  '  Steinkem,'  which 
appears  in  Helmersen's  list  after  some  of  the  genera,  really  meant 
the  specific  name. 

The  remarkable  increase  in  the  niunber  of  the  species  described  in 
this  volume  is  owing  to  the  abundant  materials  which,  through  care- 
ful collecting  for  a  long  series  of  years,  have  been  gradually 
accumulating  in  the  Swedish  State  Museum  of  Natural  History  at 
Stockholm,  where  the  typical  forms  are  now  preserved. 

We  can  only  comment  very  briefly  on  the  detailed  descriptions  of 
tne  genera  and  species  which  have  been  thoroughly  worked  out  by 
the  author  in  such  a  careful  manner,  that  whatever  opinions  may  be 
held  as  to  the  names  and  systematic  position  of  the  various  species, 
there  can  be  no  difficulty  in  their  identification. 

Commencing  with  the  Pteropoda,  five  species  of  Conularia  are 
>  Quart.  Joum.  OeuL  Soc.  1847,  p.  29. 
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described,  four  of  which  are  new  forms.  The  author  discusses  the 
question  of  the  affinities  of  this  genus  to  recent  Pteropods,  which 
have  been  disputed  by  Haeckel  and  Neumayr,  and  points  out  the 
significant  fact  that,  with  other  resemblances,  there  are,  in  some 
fossil  species,  two  peculiar  longitudinal  septa  on  the  inner  surface  of 
the  shell,  similar  to  those  present  in  several  of  the  Cleodorsd  and 
Styliolro. 

Some  small  detached  shelly  plates,  with  conical  or  coi-date  out- 
lines, are  regarded  by  the  author  as  belonging  to  the  Ciiitonidsa. 
They  were  named  Chelodes  by  Davidson  and  King,  who  thought 
that  they  might  have  formed  part  of  an  operculated  coral.  Their 
affinities  to  Chiton  are  not  altogether  free  from  doubt,  since  the  two 
apophyses  on  the  anterior  margins  of  the  plates  or  valves  of  recent 
ChitoMf  are  wanting  in  these  fossil  forms.  They  are,  however, 
similar  to  the  forms  placed  by  Barrande  under  Chiton^  and  the 
author  has  discovered  that  their  surface  ornamentation  entirely 
agrees  with  that  of  the  OhitonidaB.  Their  symmetrical  form  indicates 
that  they  do  not  belong  to  the  pedunculate  oirripedes. 

To  the  family  of  the  Patellidee  belong  two  species  of  Tryhlidium, 
Linda.  In  this  genus  the  muscular  scars  occur  as  six  disconnected 
pairs,  arranged  in  a  somewhat  elliptical  form,  and  the  apex  of  the 
shell  is  anterior.  It  approaches  very  closely  to  Meioptoma^  Phill., 
but  this  form  has  a  truncated  area  below  the  apex,  which  is  directed 
backwards,  and  the  muscular  impression  is  said  by  De  Koninck  to  be 
continuous. 

For  the  conical  shells  usually  known  in  this  country  under  the 
names  of  Captdus  or  Acrocvlia,  Lindstrom  adopts  Conrad's  name  of 
Flatyceraa,  and  he  includes  also  in  this  genus  Platy stoma,  Conn, 
Orihonychiay  Igoceras  and  Strophoalyltu,  Hall,  and  Naticopsis,  M*Coy. 
The  examples  of  this  genus  exhibit  great  variations  in  form  ;  to  this 
may  be  owing  the  long  list  of  synonyms  of  P.  cornutum,  the 
commonest  of  all  the  Gasteropoda  of  Gotland. 

The  family  BellerophontidaB,  represented  by  the  genera  BeUeropJion, 
Mont,  Cyrtolitea,  Conr.,  and  Tremanotm^  Hall,  is  regarded  as  belong- 
ing to  the  Gasteropoda  and  nearly  allied  to  Haliotis,  As  synonyms 
of  the  typical  genus  are  included  Bucania,  CarinaropsiB,  and  Phrag- 
moBtoma,  Hall,  and  also  Waagenia  and  Waagenella,  de  Koninck.  No 
fewer  than  13  species  of  Bellerophon  are  recorded  from  Gotland,  all 
of  which  are  new,  with  the  exception  of  the  widely-distributed  B, 
irilobatuB,  Sow.  There  are  also  seven  new  species  of  GyrtoWeB  and 
two  of  TremauotuB,  One  of  these  latter,  T,  longitudinalia,  is,  however, 
identical  with  Bellerophon  dilatatuB,  Sow. ;  as  the  type  specimen  of 
this  form  shows  distinct  traces  of  the  characteristic  apertures  on  the 
dorsal  keel,  though  they  are  not  mentioned  either  by  Sowerby  or  by 
M*Coy,  who  more  fully  described  the  species. 

The  family  Pleurotomaridaa,  including  Pleurolomaria  and  Murchi- 
Bouia,  is  represented  in  Gotland  by  39  species  of  the  former  and  15 
of  the  latter  genus,  the  large  majority  of  which  are  new  forms. 

The  following  genera  are  included  by  the  author  in  Pleurotomaria ; 
InaehuB,  His.,  ScaliteB,  Conr.,  BaphtBtoma,  Hall,  Helicotoma,  Salt., 
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Euomphaloplerus,  F.  Hoemer,  and  Oosseletia,  Agnena^  Luciella  and 
Mourlonia,  De  Koninck.  Kemarkiug  on  the  absence  of  any  satiBfac- 
tory  distinction  between  Murchiaonia  and  Pleurotomaria,  Lindstrom 
proposes  that  the  forms  with  elongated  slender  spires  of  more  than 
six  bead-like  whorls,  should  be  retained  under  the  former  genus. 
The  numerous  species  of  Pleurotomaria  are  ranged  in  eight  sub- 
divisions, mainly  based  on  the  characters  of  the  slit-band.  Some  of 
the  Gotland  shells  yet  retain  their  inner  nacreous  layer  and  the 
minutest  details  of  their  surface-ornamentation. 

It  appears  that  the  well-known  Silurian  species  Ettomphalus 
carinfUns,  Sow.,  possesses  a  distinct  slit  band  and  therefore  must  bo 
removed  to  Fleurotomaria,  and  as  its  specific  name  is  already  pre- 
occupied, the  author  proposes  to  give  it  the  name  P.  limata.  For  a 
similar  reason  EuomphcUus  alalns,  Wahl.,  is  also  placed  in  Pleuroto- 
maria. 

In  the  family  of  the  Euomphalidad  are  included  Euowphalus  and 
Loxonema,  and  five  species  of  each  of  these  genera  are  described. 
The  author  restricts  EuomphcUus,  Sow.,  to  the  forms,  such  as  K 
pentangulatus,  which  were  first  placed  in  it  by  Sowerby. 

With  some  diffidence  the  author  places  in  the  old-established  genus 
Trochus  16  species,  which  all  occur  in  the  limestone  strata,  none 
having  yet  been  met  with  in  the  underlying  shales.  This  genus  has 
hitherto  been  regarded  as  commencing  in  the  Devonian,  but  the 
author  believes  that  the  close  resemblance  in  outer  form  of  these 
Silurian  species  justifies  their  inclusion  in  this  genus,  although 
neither  the  opercula,  nor  traces  of  the  nacreous  layer,  have  as  yet 
been  discovered,  and  the  microscopic  structure  of  the  shell  is  not 
preserved. 

A  new  genus,  Pycnomphalm,  is  formed  for  trochiform  or  globose 
shells  with  a  thick  callosity  on  the  inner  lip  surrounding  the 
umbilicus.     The  genus  is  allied  to  Umbonium  {=zBoteUa,  Lam.). 

In  the  family  of  the  Tiirbinidse  are  ranged  the  genera  Oriostoma, 
Mun.  Chal. ;  Cyrlonema,  Hall ;  Trochonemn  and  EtiKema,  Salt. ;  and 
Craspedostoma,  n.g.  Many  of  the  forms  of  this  group  yet  retain  the 
nacreous  lustre  of  the  inner  shell-layer,  and  they  possess  a  solid 
shelly  operculum,  not  infrequently  found  in  situ.  Under  Oriostoma, 
Mun.  Chal.,  are  included  the  familiar  forms  hitherto  known  as 
EuomphaluB  discors,  E.  rugoaus,  and  E.  sculptua.  Sow. 

A  new  genus,  Autodetus,  is  created  for  the  peculiar  minute  attached 
shells  placed  by  Schrenk  under  (hpuLus, 

Bolopea,  Hall,  with  five  species,  is  placed  in  the  Litorinidffi,  and 
Cationema,  Hall,  with  Hohpella,  M*Coy,  in  the  SoalaridsB.  Macro- 
chilina,  Bayle,  with  three  species,  is  included  in  the  Pyramidellidsd. 

The  genus  SnbuliteSf  Conrad,  gives  its  name  to  a  family,  which,  with 
EuchrysaliB,  Laube,  and  the  provisional  genus  Onyckochilua,  Linds., 
includes  the  earliest  known  representatives  of  the  Holostomata. 

Before  concluding  our  notice,  we  must  express  our  admiration  at 
the  beautiful  manner  in  which  the  plates  are  executed,  llie  minutest 
details  of  the  surface-markings  of  the  shells  are  shown  with 
marvellous  clearness  and  precision,  and  the  shells  themselves  are». 


Digitized  by 


Google 


JReciews — Oeology  of  South  Australia.  41 

for  the  most  part,  in  such  perfect  preservation  that,  in  looking 
over  the  plates,  we  can  scarcely  realize  that  the  figures  represent 
fossil  forms  of  Silurian  age.  Prof  Lindstrom  has  in  this  monograph 
extensively  increased  our  knowledge  of  the  Silurian  Gasteropoda,  and 
ail  students  of  Palseozoio  fossils  are  indebted  to  him  for  this  fresh 
contribution  to  palseontology.  The  working  palaaontologists  of  this 
country  and  America  are  under  special  obligations  to  him  for 
bringing  out  this  work  in  the  English  language,  and  thus  affording, 
to  not  a  few,  readier  access  to  its  contents.  It  is  a  bold  undertaking 
for  an  author  to  write  an  important  monograph  like  this  in  a  foreign 
language,  especially  when  that  language  is  English,  and  we  con- 
gratulate Prof.  Lindstrom  on  the  success  attending  his  effort.  Nor 
ought  we  to  forget  the  munificence  of  the  Royal  Swedish  Academy 
of  Sciences  in  finding  the  funds  for  publishing  this  work. 

When  we  consider  the  numerous  admirable  scientific  memoirs 
which  this  Royal  Academy  has  lately  published,  notably  amongst 
others  the  magnificent  memoir  on  Fourtale$ia,  by  Prof.  Loven,  the 
colleague  of  Prof.  Lindstrom  in  the  Royal  Museum  at  Stockholm, 
we  feel  that  the  contrast  between  the  scientific  activity  in  Sweden 
and  the  support  it  receives,  and  the  condition  of  things  in  this  country, 
is  not  .altogether  flattering  to  ourselves.  G.  J.  H. 


v.— Annual  Report  of  the  Government  Geologist  for  South 
Australia  (Henry  Y.  Lybll  Brown,  F.G.S.),  December 
1st,  1882.  to  December  31st,  1883.  Fol.  pp.  20;  with  nine 
page-sections  and  plans,  and  one  large  folding  chromolitho- 
graphic  map  of  South  Australia,  exclusive  of  the  Northern 
Territories.     (Adelaide:  September,  1884:.) 

THE  first  Annual  Report  of  the  Geological  Survey  of  South 
Australia  was  noticed  by  us  in  this  Magazine  (Decade  III. 
Vol.  I.  January,  1884,  pp.  29-32),  and  it  is  highly  gratifying  to 
find  that  Mr.  H.  Lyell  Brown  has  been  able  to  compress  so  large  an 
amount  of  work  into  the  thirteen  months  which  are  embraced  in  the 
present,  publication. 

It  is  difficult  for  any  one  here  in  England  to  realize  either  the 
vast  extent  of  the  territory  of  South  Australia  (ten  times  that  of 
Great  Britain)  or  the  almost  entire  absence  of  easy  and  rapid  means 
of  intercommunication  between  its  widely-spread  and  thinly -scattered 
population.  No  wave  of  gold-field-fever  has  as  yet  disturbed  the 
agricultural  calm  of  this  large  and  well-to-do  Colony ;  but  there 
has  arisen  a  very  natural  desire,  on  the  part  of  its  Government  and 
people,  to  know  what  are  the  Mineral  resources  of  the  Colony. 
Mr.  Lyell  Brown  has  set  to  work  with  a  will  to  furnish  this  infor- 
mation to  the  Government,  and  has  sacrificed  all  considerations 
of  personal  ease  and  comfort  to  travel  over  many  thousand  miles  of 
country  in  order  to  produce  the  admirable  sketch-map  of  the  Geology 
of  South  Australia  which  accompanies  the  present  report. 

The  project  for  a  trans-continental  railway  from  Adelaide  in  the 
South  to  Port  Darwin  in  the  North,  upwards  of  1400  miles,  has 
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only  as  yet  resulted  in  a  line  from  Adelaide  to  Hergott  Springs, 
a  length  of  about  350  miles.  The  success  which  has  attended  the 
deep  Artesian  well-boring  at  Hergott  Springs  (carried  down  to 
a  depth  of  about  1200  feet,  and  which  yields  about  3000  gallons  of 
water  per  diem,  rising  with  an  elevatory  force  of  some  60  feet  above 
the  surface),  renders  it  probable  that  other  wells  sunk  along  the 
same  synclinal  trough  will  yield  an  equally  abundant  supply  of  this 
indispensable  necessary  for  railway  locomotion  through  an  otherwise 
almost  waterless  region.  Another  proposed  railway  is  being  sur- 
veyed, which  will  connect  Adelaide  with  Melbourne. 

From  the  Map  it  will  be  seen  that  between  135°  and  14P  East 
long,  and  from  South  lat.  26^  to  32°,  the  entire  area  is  occupied  by 
Cretaceous  and  Oolitic  rocks  (with  or  without  overlying  Tertiary 
beds) ;  save  one  great  mass  of  Palaaozoic  rocks,  which  stretches 
from  Encounter  Bay  and  Kangaroo  Island  in  the  South  to  Mount 
Distance  and  Mount  Nor- West  in  the  North,  occupying  the  region 
between  Lake  Torrens  on  the  West  and  Lake  Frome  on  the  East. 
The  NuUarbor  Plain,  at  the  head  of  the  Great  Australian  Bight,  and 
the  district  of  the  Murray  Kiver,  between  Adelaide  and  Victoria, 
is  coloured  Lower  Tertiary.  Granite,  Syenite,  Porphyry,  etc.,  is 
largely  developed  along  the  26th  parallel  of  latitude  from  129°  to 
133°  of  East  Longitude,  and  sporadically  in  all  the  metamorphio 
areas,  near  Fowler*s  Bay,  at  the  head  of  the  Bight ;  on  the  Murray 
River  near  Murray  Bridge,  and  in  the  highly  metamorphio  area 
running  parallel  to  the  Palsdozoic  series  from  Encounter  Bay  to 
lliackariiiga  (lat.  32°  S.). 

In  the  Report  will  be  found  a  careful  account  of  the  Woodside 
Gold-mines,  accompanied  by  a  geologically  coloured  plan,  giving 
the  position  of  the  principal  reefs  of  the  District 

Next  follow  Reports  of  favourable  places  for  well-sinking,  and 
Examinations  of  well-borings  in  numerous  parts  of  the  Colony,  with 
the  probable  prospects  of  water-supply,  as  at  Wilmington,  Wallauroo, 
Dublin,  Percyton,  Waukaringa,  Gawler,  between  Wellington,  and 
across  the  Ninety-Mile  Desert,  etc. 

In  most  of  these  places  the  formation  of  the  country  and  the  lie  of 
the  rocks  is  favourable  to  water-supply  by  means  of  Artesian-liorings, 
and,  after  covering  the  first  expense,  it  is  probable  that  water  for  the 
Colony  will  in  the  future  be  secure,  even  in  the  'so-called'  De$ert 
regions. 

In  the  Paladozoic  and  Metacaorphio  region,  stretching  from 
Thackaringa  to  Beltana,  there  is  a  prospect  of  workable  gold-wash- 
ings in  the  alluvium  and  also  of  quartz-crushing  at  a  paying  rate,  if 
only  the  difficulty  of  water  can  be  overcome. 

A  considerable  portion  of  this  country  is  underlain  by  a  lime- 
stone formation  which  is  always  found  to  be  favourable  to  the  natural 
storage  of  water  underground.  Seventeen  wells  are  enumerated  on 
one  route  from  a  few  feet  to  one  of  377  feet  (a  tubed  bore)  at  Cuma- 
moona  Station. 

The  following  is  a  list  of  the  rocks  referred  to  in  this  Report  in 
descending  order,  with  their  ages  provisionally  given  :  — 
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1.  Tbrtiabt. — Sand,  clay,  eravel  and  conglomerate  ;  gjrpsum  and  rock-salt. 

2.  Ckbtacbovs. — Table  land  formation,  sandrtone,  Kaolin,  grit,  and  conglomerate ; 

clay  and  sandv  beds   with  gypsum,  ironstones,  sandstones, 
limestones,  and  calcareous  clays  in  horizontal  beds. 

3.  Dbtonian  (P) — Claystones  and  conglomerates,  skirting  the  Flindtirs  range  and 

elsewhere. 

4.  SiLUBiAN  (?) — ^Limestones,  clayslates  and  shales,  quartzites,  calcareous  slates, 

sandstones,  siliceous  and  conglomeratic  limestones. 

5.  Metajcorphic. — Clay  slates,  mica  slates,  aod  schists,  with  granite  dykes. 

6.  Okanitb  and  Greenstone. 

Grold  is,  obtained  at  Echunga  in  drifts  and  alluvial  gullies. 
At  Woodside,  auriferous  quartz-reefs  are  worked.  Eleven  other 
localities  are  recorded  where  alluvial  gold-mining  and  quartz-crush- 
iog  has  been  carried  on.  *'  The  great  drawbacks  are  however  the 
scarcity  of  water  for  washing  purposes,  the  inaccessibility  of  the  land 
to  prospectors,  through  its  having  been  alienated  from  the  Crown, 
and  the  remoteness  of  some  of  the  localities  from  civilized  life  and 
the  consequent  difficulty  of  obtaining  supplies." 

Copper- mining  appears  to  form  an  important  item  in  the  mineral- 
resources  of  this  Colony.  Thirty-two  mines  are  enumerated,  five  of 
which  are  being  worked  at  the  present  time.  In  1882  the  export  of 
copper  was  3,647  tons,  valued  at  £249,884 ;  copper  ore,  1,294  tons, 
value  £195,686. 

Lead  ore.  Galena,  Cerusite,  Bismuth,  Antimony  and  Nickel,  Cobalt, 
Rutile,  Manganese,  Tin  and  Graphite  are  among  the  minerals  found 
more  or  less  abundantly,  but  in  the  absence  of  any  returns  they 
cannot  yet  be  treated  as  of  commercial  importance.  A  list  of 
Minerals  by  Mr.  G.  Goyder,  jun.,  completes  this  excellent  report 

In  his  summary  addressed  to  the  Commissioner  of  Crown  Lands, 
Mr.  Henry  Y.  Lyell  Brown  mentions  the  appointment,  as  Assistant 
Geologist,  of  Mr.  Harry  P.  Woodward,  F.G.S.,  who  arrived  out  in 
the  Colony  in  July,  1883.  After  mapping  part  of  the  Mt.  Lofty 
range,  and  the  gold-field  reserves  of  Kutipo  and  Noarlunga,  he  was 
sent  in  December,  1883,  as  Naturalist,  with  Mr.  Poeppers  expedition 
to  Survey  the  Boundary-line  between  Queensland  and  South 
Australia,  on  which  service  he  was  engaged  until  September,  1884, 
when,  owing  to  the  want  of  transport  in  this  barren  Sand-hill 
District,  he  returned  to  Adelaide  to  resume  his  regular  Geological 
Survey  work  under  Mr.  H.  Y.  L.  Brpwn. 


» 

Geologioal  Sooibty  op  London. 

L— Novemberl9, 1884.— Prof.  T.  G.  Bonney,  D.Sc,  LL.D.,  F.R.S., 
President,  in  the  chair.     The  following  communications  were  read  : 

1.  "  Note  on  the  Resemblance  of  the  Upper  Molar  Teeth  of  an 
Eocene  Mammal  (NeoplagiaulciXy  Lemoine)  to  those  of  Tritylodon" 
By  Sir  Richard  Owen,  K.C.B.,  F.R.S.,  F.G.S. 

In  this  paper  the  author  referred  to  the  genus  Neoplagtaulax, 
described  by  M.  Lemoine  from  the  Eocene  of  Rheims,  as  presenting 
premolars  so  like  those  of  the  Mesozoic  genus  Flagiaulax  as  to  have 
suggested  the  above  name,  while  the  true  molars  in  the  upper  jaw 


Digitized  by 


Google 


44  Reports  and  Proceedings — 

resembled  those  of  his  South-African  genus  Trttylodon  even  more 
nearly  than  those  of  Microlestes  and  Stereognathua,  with  which  the 
latter  were  compared.  The  lower  molars  of  Neoplagiaulax  have 
two  instead  of  three  longitudinal  series  of  tubercles ;  and  the  author 
suggested  that  this  may  have  been  the  case  also  in  Trttylodon ;  and 
that  the  detached  molars,  on  which  the  genus  MicroleBtes  is  founded, 
may  also  belong  to  the  lower  jaw. 

2.  "On  the  Discovery  in  one  of  the  Bone-caves  of  Ores  well  Crags 
of  a  portion  of  the  Upper  Jaw  of  Elephas  primigenius,  containing, 
i»  situ,  the  first  and  second  Milk-molars  (right  side)."  By  A.  T. 
Metcalfe,  Esq.,  F.G.S. 

The  specimen  exhibited  to  the  Society  and  now  described  was 
obtained  from  one  of  the  Creswell  bone-caves,  before  the  commence- 
ment of  their  systematic  exploration  by  a  Committee  of  the  British 
Association.  The  bone-caves  are  in  the  Lower  Magnesian  Limestone 
of  the  Permian,  not  far  from  the  southern  limit  of  that  deposit  near 
Nottingham.  The  locality  was  described,  and  it  was  shown  that  the 
ravine  in  which  the  caves  occur  has  been  cut  in  the  limestone  by  the 
little  river  Wollen,  which  probably  began  by  excavating  a  cavern  the 
whole  length  of  the  ravine.  The  roof  of  this  cavern  must  have 
fallen  in,  and  the  minor  lateral  caverns,  in  which  bone-deposits  are 
found,  are  now  similarly  being  converted  into  side  ravines. 

The  fossil  was  found  in  "  Pin-Hole  Cave,"  the  most  westerly  on 
the  north  or  Derbyshire  side  of  the  ravine,  about  six  inches  below  the 
base  of  the  surface- soil,  here  four  inches  deep.  The  cave  has  been 
described  in  the  Society's  Journal,  vol.  xxxi.  p.  679,'  by  the  Rev.  J. 
M.  Mello,  who  in  1875  obtained  from  this  spot  bones  of  the  Arctic 
fox  (Cants  lagopvs).  As  the  mammoth  teeth  (first  and  second  milk- 
molars  of  the  upper  jaw)  occurring  in  the  fossil  were  wanting  in  the 
National  Collection,  the  author  has  undertaken  to  present  the  speci- 
men to  the  British  (Natural  History)  Museum. 

3.  *' Notes  on  the  Remains  of  E/ephas  primigenius  from  the 
Creswell  Bone-cave."      By  Sir  R.  Owen,  K.C.B.,  F.R.S..  F.G.S.,  <feo. 

The  author  noticed  the  various  descriptions  by  Cuvier  and  himself 
of  milk-molars  of  Elephas  primigenius,  and  pointed  out  that  all 
hitherto  known  were  found  detached.  The  present  is  the  first 
known  occurrence  of  the  two  earliest  milk-molars  in  ai^i*.  The 
specimen  discovered  by  Mr.  Metcalfe  is  a  portion  of  the  fore  part 
of  the  maxilla  of  a  very  young  Elephant  with  the  teeth  of  the  right 
side  preserved,  the  corresponding  teeth  of  the  left  side  and  their 
sockets  having  been  broken  away.  Of  the  two  teeth  thus  obtained 
descriptions  and  measurements  were  given.  The  first  tooth  is  much 
worn,  but  only  the  anterior  portion  of  the  second  has  undergone  wear, 
the  two  hindmost  divisions  of  this  tooth  not  having  risen  into  use. 

It  shows  that  these  first  teeth  of  E.  primigeniun  differ  mnch  less 
from  the  corresponding  milk-molars  of  the  Lidian  Elephant  than 
the  later  teeth  do,  the  thickness  of  the  constituent  enamel-plates 
being  but  little  less  in  proportion,  and  the  principal  distinction 
being  the  greater  relative  breadth  of  the  second  molar,  especially 
towards  the  base  of  the  crown. 
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4.  ''On  the  Stratigraphical  Position  of  the  Lower  and  Middle 
Jurassic  Trigonica  of  North  Oxfordshire  and  adjacent  districts."  By 
Edwin  A.  Walford,  Esq.,  F.G.S. 

The  author  spoke  of  the  value  of  the  TrigontoB  as  stratigraphical 
guides  and  of  the  wealth  of  the  Oolitic  deposits  of  North  Oxfordshire 
in  numher  of  species  as  well  as  of  individual  forms.  He  alluded  to 
the  recent  discovery  by  Northampton  geologists  of  Trigonia  liter ata 
and  T,  ptdchella  in  the  centre  of  their  county.  By  the  presence  of 
certain  Trigonia  as  well  as  of  corals  and  bored  stones  he  endeavoured 
to  prove  the  extension  of  a  stratum  at  the  base  of  the  Clypeus-grit 
at  Fawler,  as  far  as  Hook  Norton,  also  in  North  Oxfordshire,  where 
the  bulk  of  the  Inferior  Oolite  was  of  an  altogether  different  type. 
In  Mr.  Wal ford's  list  were  nearly  thirty  species  and  varieties  from 
the  Bajocian  beds.  To  the  lower  horizons  there  belonged  but  one 
local  form  and  no  species  of  special  stratigraphical  value.  The 
presence  of  a  few  other  fossils  supposed  to  be  characteristic  was  the 
only  evidence  of  beds  below  the  zone  of  Ammonites  MurchisonicB. 
Series  G,  which  appeared  to  be  of  the  age  of  the  lower  Trigonia- 
grit,  had  yielded  the  gi*eater  part  of  the  Trigonica  mentioned,  several 
of  them  being  peculiar  to  the  horizon,  whilst  others  were  local 
species.  The  higher  beds  had  yielded  some  apparently  undescribed 
forms,  whilst  hitherto  unrecorded  species  were  quoted  from  the 
Great  Oolite  and  Forest  Marble.  One  species  {T,  Lycettii)  was 
described  as  new. 

II.— December  3, 1884.— Prof.  T.  G.  Bonney,  D.Sc,  LL.D.,  F.R.S., 
President,  in  the  Chair.     The  following  communications  were  read  : 

1.  "  Note  on  a  Section  near  Llanberis."     By  Prof.  A.  H.  Green. 

In  this  paper  the  author  described  a  section  showing  actual  un- 
conformity at  the  base  of  the  Cambrian.  In  one  of  the  cuttings  on 
the  railway  that  runs  from  the  Dinorwig  quarries  along  the  north- 
western shore  of  Llyn  Padarn,  the  basement  conglomerate  of  the 
Harlech  and  Llanberis  group,  dipping  N.W.  at  a  moderate  angle, 
rests  upon  vertical  slaty  beds,  one  of  which  is  a  breccia.  The  author 
believes  that  the  section  described  is  one  of  which  a  different  reading 
was  given  by  Sir  A.  Bamsay  in  the  Geological  Survey  Memoir  on 
North  Wales.  In  that  work  the  conglomerate  was  regarded  as  a  con- 
tinuation of  the  breccia  of  the  underlying  beds  sharply  turned  over. 

The  microscopic  characters  of  the  lower  series  show  that  these  beds 
are  probably  coarse  volcanic  tuffs,  and  that  they  resemble  the  rocks 
at  St  David's,  called  Pebidian  by  Dr.  Hicks.  The  unconformity 
observed  does  not  necessarily  indicate  great  difference  of  age  between 
the  conglomerate  and  the  underlying  beds.  In  volcanic  rocks  such 
breaks  may  be  merely  local. 

Further  north-west,  in  the  same  railway  section,  a  junction  is  seen 
between  the  Cambrian  conglomerate  and  quartz-felsite.  It  is  uncer- 
tain whether  the  junction  is  a  fault  or  not.  The  matrix  of  the  con- 
glomerate is  chiefly  composed  of  felsite  fragments  so  perfectly 
cemented  together  as  to  bear  a  close  superficial  resemblance  to  the 
original  rock  even  under  the  microscope,  unless  a  high  power  be  used. 

2.  "The  Tertiary  Basaltic  Formation  in  Iceland."  By  J.  Starkie 
Gardner,  Esq.,  F.L.S.,  F.G.S. 
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The  country  explored  stretches  from  the  N.E.  comer  to  the  S.W. 
Every  locality  in  which  lignite  had  been  met  with  was  visited.  The 
most  northerly  of  these,  at  Husavik,  presents  a  coast-section  showing 
200  feet  of  tuflfs  with  bands  of  lignite,  200  feet  of  the  same  with 
marine  shells,  and  an  immense  series  of  overlying  tuflfs,  which  are 
un fossil iferous,  and  were  followed,  ten  miles  further  north,  to  Tjornes, 
almost  within  the  Arctic  Circle.  The  shells,  a  series  of  which  were 
exhibited,  indicate  a  warmer  sea,  and,  in  the  author's  opinion,  are  of 
an  age  a  little  anterior  to  the  Crag.  It  is  hoped  that  Dr.  Gwyn 
JeflFreys,  who  has  several  times  examined  them,  may  pronounce  a 
definite  opinion  in  regard  to  this.  A  number  of  sections  towards 
the  interior  were  visited,  one  of  the  finest  being  in  a  cation  near 
Hof,  where  the  sides  are  upwards  of  1000  feet  high,  and  nearly 
vertical,  exhibiting  an  alternation  of  semicolumnar  basalts,  ash-beds, 
and  laterites,  capped  by  rhyolites.  These  rhyolites  are  very  beautiful, 
and  cap  the  basalts  over  a  wide  area,  being  themselves  overlain  by 
other  and  more  irregular  streams  of  basalt  and  tuflfs.  The  country 
has  been  subjected  to  immense  denudation,  and  is  cut  up  into  rolling 
flat-topped  hills  such  as  characterize  basaltic  regions  elsewhere.  The 
horizon  from  which  most,  if  not  all,  the  fossil  plants  from  Iceland 
have  been  obtained,  is  that  of  the  rhyolites — a  more  recent  series 
than  any  represented  in  the  British  Isles  or  even  in  the  Faroes. 
Their  age  may  have  been  correctly  assigned  to  the  Miocene. 


coieri^EsiPOisri^Eii^CE. 


RELATIVE  AGES  OP  AMERICAN  AND  ENGLISH  NEOZOIC  SERIES. 

Sir, — Mr.  J.  Starkie  Gardner,  in  his  memoir  "  On  the  Relative 
Ages  of  the  American  and  the  English  Cretaceous  and  Eocene  Series  ** 
(Geological  Magazinb,  November,  1884,  p.  504),  says,  "Professor 
Marcou  wrote  that  he  considered  all  the  supposed  Cretaceous  rocks 
of  California  to  be  Tertiary,  but  without  going  so  far  as  that,  there 
can  be  no  question  about  the  Tejon  Group,  at  least,  being  of  that 
age."     This  statement  is  erroneous. 

In  my  "  Note  sur  la  (reologie  de  la  Califomie "  (Bulletin  Soc. 
geol.  France,  tome  xi.  p.  407,  1883),  which  I  suppose  is  the  paper 
referred  to,  I  have  described  the  Cretaceous  rocks  of  the  vicinity  of 
Shasta-city  as  being  the  only  region  of  California,  so  far  as  explora- 
tions have  yet  been  made,  where  the  Cretaceous  rocks  truly  exist. 
It  is  what  Mr.  Starkie  Gardner  calls  "  the  Shasta  group,"  "  held  to 
be  of  the  antiquity  of  the  Gault"  On  that  age  nothing  yet  definite 
can  be  said;  and  I  believe  it  is  prudent  to  reserve  expressing  a 
decided  opinion  until  more  material  has  been  collected  and  described. 

As  to  the  "  Chico  group  "  quoted  as  the  "  supposed  equivalent  to 
the  Chalk  formation  of  Europe,"  I  have  shown  the  paleeontogical 
reasons  why  it  should  be  considered  as  representing  the  lower  part 
of  the  Eocene.  At  Chico  creek,  where  it  was  first  discovered,  only 
two  or  three  degenerate  Cephalopoda  have  been  found,  amid  a  magni- 
ficent and  very  numerous  fauna  of  Gasteropoda  and  Acephala, 
characteristic  of  true  Lower  Tertiary  in  America  as  well  as  in  Europe. 
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The  "  Martinez  group,"  also  quoted  as  Cretaceous,  is  only  a  sub- 
division, composed  of  a  few^  passage-beds  without  real  value,  and 
ought  to  be  dropped. 

Then  comes  the  "Tejon  Group,"  which  Mr.  Starkie  Gardner 
admits  as  being  Tertiary  without  question. 

The  Cretaceous  series  of  North  America  are  far  more  complete 
than  represented  in  Mr.  Gardner's  paper ;  for  he  has  overlooked 
entirely  the  Cretaceous  rocks  of  Texas  and  the  Lower  Mississippi 
basin.  The  expression  of  "  Lower  Cretaceous  "  of  America,  as  used 
by  him,  is  misleading,  for  it  means  only  the  lower  parts  of  the  Cre- 
taceous rocks  of  the  basin  of  the  Upper  Missouri,  where  neither  the 
Lower  Cretaceous  or  even  the  Middle  Cretaceous  of  Europe  are 
found.  It  is  even  very  doubtful  if  there  is  a  representative  of  the 
Marly  Chalk  (crate  tnffeau  de  Toitraine)  or  "  Turonian." 

The  "  Dakota  and  Fort  Benton  groups  "  represent  with  their  fossils, 
such  as  Ptyehodus  and  other  fishes,  Inoceramus,  etc.,  the  White  Chalk 
of  Sens  or  "  Senonian  " ;  and  certainly  are  not  older  than  the  lower 
part  of  the  Upper  Cretaceous  rocks  of  England  and  France.  All  the 
upper  divisions,  called  "  Fort  Pierre  and  Fox  hills  groups,"  are  the 
representatives  of  the  most  upper  part  of  the  European  Cretaceous 
rocks  called  **  Danian,"  and  which  exist  at  Maestricht,  Aix-la- 
Chapelle,  Ciply  near  Mons,  Faxoe  in  Denmark,  in  Provence,  and 
the  Pyrenees. 

The  "  Laramie  group  "  represents  the  lower  part  of  the  European 
Eocene  from  the  Pisolitic  limestone  of  Paris,  the  Meudon  clay,  the 
Billy  limestone,  the  Paris  Plastic  clay,  the  Puddingstone  of  Nemours, 
the  Soissonnais  sands,  the  beds  of  the  Isle  of  Thanet,  as  far  up  as  the 
Middle  £k)cene  of  Sir  Charles  LyelL  It  represents  and  corresponds 
to  the  **Chico  group"  of  Calitomia. 

And  because  MosasauruB  exists  in  the  Laramie,  that  does  not  make 
it  Cretaceous,  any  more  than  the  existence  of  the  degenerated 
Ammonites  and  Bacufiteit  Chicoenais  at  Chico  Creek  makes  the  "  Chico 
group  "  Cretaceous.  But  it  only  shows  that  Mosasaunis,  Ammontteat 
and  Baeidites  existed  in  America  at  the  beginning  of  the  Tertiary 
period,  when  they  had  already  finished  their  existence  in  Europe. 

Cambridge,  Massachvsetts,  Unitbd  States,  Julks  Marcou. 

November  12M,  1884. 

THE  CLASSIFICATION  OF  THE  JURASSIC  SYSTEM. 

Sm, — I  am  indebted  to  Mr.  A.  J.  Jukes-Browne's  letter  in  the 
OcoLooiGAii  Maoazinb  for  last  November,  for  an  opportunity  of 
explaining  my  reason  for  proposing,  in  my  note  on  the  Classification 
of  Sedimentary  Strata,  to  draw  the  line  of  division  between  Upper 
and  Middle  Jurassic  above  the  Oxford  Clay. 

I  mentioned  in  my  note  that  this  was  a  doubtful  question,  and  the 
weight  of  authority  is  in  favour  of  Mr.  Jukes-Browne's  view,  that 
is,  of  classing  the  Oxford  Clay  as  Upper  Jurassic,  though  many  con- 
tinental geologists  consider  the  Felloway  Bock  (Callovian)  as  per- 
taining to  the  Middle  series,  owing  to  the  Gh)rraan  equivalent  belong- 
ing to  the  Dogger  or  Brown  Jura.     At  the  Zurich  meeting  ot  the 
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International  Committee  of  Geological  Nomenclatare,  in  1883,  a 
majority  voted  in  favour  of  the  limit  between  the  two  divisions  being 
drawn  below  the  Callovian. 

The  lines  of  division  to  which  geologists  generally  attach  impor- 
tance are  breaks  in  the  sequence,  shown  by  unconformity  or  by 
changes  in  the  sedimentation.  Mr.  Jukes-Browne  very  naturally 
wishes,  as  most  other  English  geologists  have  done,  to  draw  a  limit 
where  the  calcareous  deposits  of  the  Middle  Jurassics  cease  in 
England,  and  the  argillaceous  beds  of  the  Upper  Jurassics  come  in. 
Such  a  division,  however  well  marked  locally,  has  no  general  value, 
the  change  being  confined  to  but  a  small  portion  of  the  earth's 
surface. 

My  reason  for  classing  the  Oxford  Clay  as  Middle  Jurassic  is  that^ 
by  so  doing,  the  series  or  primary  subdivisions  of  the  system  are 
more  nearly  equal  in  value.  I  take  four  fairly  representative  modern 
classifications,  those  of  Renevier  (1873-74),  Meyer-Eymar  (1881), 
Geikie  (1882),  and  De  Lapparent  (1883).  Under  Renevier*s  arrange- 
ment, if  the  Oxford  Clay  (and  Callovian)  be  classed  in  the  higher 
series,  the  upper  subdivision  would  contain  3  ''  systimes  "  comprising 
9  ••  itages,^^  the  middle  1  "  »y«<^mc,"  and  4  "  Stages.  By  Meyer- 
Eymar's  arrangement,  the  upper  would  contain  4  iiagen  consisting  of 
12  Bous-Hages,  (or  if  the  Purbeck,  classed  by  Meyer-Eymar  in  the 
Lower  Cretaceous  series,  be  added,  as  it  would  by  most  geologists, 
5  and  14),  the  middle  3  etagesy  consisting  of  8  sous-^tagea.  In  Mr. 
Geikie's  classification  two  divisions  would  be  assigned  to  the  Upper 
Jurassic,  one  only  to  the  Middle,  whilst  in  De  Lapparent's  4  etages 
with  11  souS'itagea  would  belong  to  the  former,  and  only  2  Stages 
with  4  souB'ctageB  to  the  latter.  If  on  the  other  hand  the  Oxfordian 
and  Callovian  are  classed  with  the  Middle  Jurassic,  the  difference  in 
palaeontological  importance  between  that  and  the  upper  subdivision, 
under  any  of  the  systems  of  classification  quoted,  would  be  small. 

I  carefully  abstained  from  proposing  new  names,  as  so  many  have 
already  been  given  to  various  Jurassic  subdivisions.  Those  proposed 
by  Mr.  Jukes-Browne  have  certainly  an  advantage,  on  the  score  of 
euphony,  over  the  terms  Malm  cuid  Dogger,  hut  the  latter  are  widely 
known. 

I  must  deprecate  the  use  of  the  term  ''  stage,"  in  the  sense  in 
which  it  is  employed  by  Mr.  Jukes-Browne.  An  English  term  is 
urgently  required  as  the  equivalent  of  the  French  Stage,  This  is 
never  used  for  divisions  of  the  rank  of  upper,  middle  or  lower 
Jurassic,  but  always  for  smaller  terms  such  as  Purbeck,  Portland, 
Kimmeridge,  etc.  If  **  stage  "  is  restricted  to  the  same  meaning,  the 
term  will  be  far  more  useful  than  if  employed  as  loosely  as,  for 
instance,  "  group  "  and  "  series  "  have  been. 

November  Idth,  1884.  W.  T.  Blanfokd. 

Wb  regret  to  announce  the  death  of  Mr.  Searles  V.  Wood,  F.G.S., 
Treasurer  of  the  PalsBontographical  Society,  on  Sunday  the  14th 
December,  1884,  at  his  residence.  Beacon  Hill  House,  Martlesham, 
Woodbridge,  after  an  illness  of  nine  years  duration. 
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I. — COKTBIBTTTIONB     TO     THE     PaLXONTOLOGT    OF    THK     YOBKSHIRS 

Oolites. 
By  WiLFWD   H.    HuDLBSTON,    M.A.,    F^.S.,   F.G.S. 
(ContiniiBd  from  Decade  IIL  Vol  I.  p.  303.) 
(PLATB  II.) 

67. — ^NEBiTOPSia  (?  Turbo)  lavigita,  Phillips,  1829.     Plate  IT. 
Figs.  1,  2,  3,  3a. 

1829  and  1836.     7\irbo  lavigatua  {Nerita  ItBviffata,  Min.  Conch.).     PhiUips,  6.Y. 

p.  129,  pi.  n.flg^.Sl. 
1852    P  Iktrho  §ibho$u$,  D'Orbignj.    Terr.  Jnraas.  ii.  p.  342,  pi.  330,  fig.  1-3. 
1854    ?  Monodonta  gibbota,  Thorent    Morr.  Cat  p.  268. 
1876.     Turbo  lavigatus,  Phillips,  G.T.  3id  ad.  p.  330,  pi.  xi.  fig.  31. 

Bibliography,  etc.— The  type  speoimen  of  Turbo  lavigattu,  Phil., 
has  not  been  seen  by  me;  bat  since  there  are  some  grounds  for 
regarding  the  fossil,  usually  so  described,  as  a  Neritopsis,  the  identic 
fication  becomes  important.  We  must  therefore  fall  back  upon 
Phillips's  figure,  and  upou  such  collateral  evidence  as,  in  the  absence 
of  description,  may  be  available.  Phillips  in  the  early  editions  of 
the  G.Y.  considered  Bean's  specimen  from  the  Dogger  as  identical 
with  Nerila  Imvigata,  Sow.  (M.  C.  t  217,  fig.  1),  which  he  regarded 
as  a  Turbo  rather  than  a  Nerita,  This  identification  of  Phillips  has 
not  been  endorsed  by  subsequent  writers.  D'Orbigny  believed 
that  he  recognized  in  Turbo  lavigatuB,  Phil.,  Delphintda  gibbo$a, 
Thorent  (Mem.  S.  G.  Fr.  3,  p.  260,  pi.  22,  fig.  10).  D'Orbigny's 
figure,  making  due  allowance  for  enlargement,  is  very  similar  to  the 
one  by  Phillips. 

There  are  two  points  in  which  D'Orbigny's  description  of  Turbo 
gtbbosus  does  not  correspond  with  the  Dogger  fossils  identified  by 
me  with  Tvrbo  lavigaiua,  Phil.  (1.)  T.  gtbbosus  is  described  by 
D'Orbigny  as  having  a  smooth  whorl.  (2.)  That  author  finds 
traces  of  a  tooth  on  the  colnmellcL  Neither  of  these  peculiarities 
can  be  predicated  of  the  Dogger  fossils  now  nnder  consideration. 
Therefore,  without  actually  seeing  Thorent's  type,  its  identification 
with  the  shells  I  call  Neritopsis  lavigata,  Phil.,  is  not  absolutely 
certain.  At  the  same  time,  there  are  specimens  from  the  Dogger, 
such  as  Fig.  3  of  our  Plate,  where  the  fine  spiral  ornamentation  is  so 
obscure  that,  in  another  matrix,  it  might  altogether  escape  observation. 

SBOADB  m. — TOL.   II. — MO.  II.  4 
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Ab  regards  the  traces  of  a  tooth  said  to  exist  in  Thorent's  species, 
D'Orbigny's  plate  shows  a  strong  callosity  on  part  of  the  columella, 
but  no  actual  tooth. 

In  Mr.  Leckenby's  collection  these  fossils  are  labelled  Nerita 
lavigaiGf  Phil,  non  Sow. :  in  the  Scarborough  Museum  there  is  a 
large  specimen  labelled  Monodonta  lavigata,  Phil,  non  Sow.  This  is 
at  least  collateral  evidence  that  Phillips's  figure  (xi.  31)  refers  to  the 
fossils  now  under  consideration.  Moreover,  there  are  no  other  fossUs 
forthcoming  which  answer  to  the  Phillipsian  species.  Whether 
more  than  one  species  can  be  made  out  of  the  available  specimens  is 
a  point  which  cannot  be  absolutely  decided,  though  I  have  preferred 
to  treat  them  as  varieties. 

Descriptions, — Variety  A. — Specimen  from  the  Dogger  (zone  1), 
Peak  (Blue  VVyke).     Leckenby  Collection.     Fig.  1. 

Width  16  millimetres. 

Spiral  angle 110°. 

Shell  turbinate,  transversely  ovate ;  body- whorl  large  in  proportion 
to  the  spire.  Whorls  about  four,  depressed,  somewhat  flattened  at  top, 
and  separated  by  a  wide  and  slightly  channelled  suture.  Although 
apparently  smooth,  the  shell,  on  closer  inspection,  is  seen  to  possess 
a  very  fine  and  regularly  undulating  spiral  ornamentation,  decussated 
by  broad  lines  of  growth,  especially  visible  on  the  flanks  of  the 
body- whorl.  Aperture  large  and  circular,  but  the  anterior  portion 
concealed  in  the  matrix. 

Another  specimen. — Same  horizon  and  locality.  Jermyn  Street 
Museum.     Fig.  2. 

Height 13  millimetres. 

Width    14         „ 

Spiral  angle ? 

Ratio  of  body- whorl  to  entire  shell  about     ....  80  :  100. 

The  spire  of  this  specimen  is  in  worse  condition  than  the  one 
previously  described  (Fig.  1)  ;  but  the  body-whorl  is  similar  in  shape 
and  ornamentation,  and  probably  also  in  relative  size.  Being  free 
from  matrix,  the  aperture  is  clear,  though  a  portion  of  the  outer  lip 
and  anterior  extremity  is  deficient.  Enough  remains  to  show  that 
the  aperture  was  very  wide  and  produced ;  with  a  long  columella 
very  slightly  curved  and  much  thickened  by  callus.     No  umbilicus. 

Vakiety  B. — Specimen  from  the  same  horizon  and  locality.  York 
Museum.     Figs.  3  and  3a. 

Height 12  millimetres. 

Width    12  „ 

Spiral  angle 96°. 

Eatio  of  body-whorl  to  entire  shell 70  :  100. 

Shell  turbinate,  subovate,  imperforate ;  body- whorl  large  in  com- 
parison with  the  spire,  but  less  so  than  in  variety  A.  The  entire 
shell  consists  of  about  five  whorls,  which  are  tumid,  scarcely  flattened 
atop,  and  separated  by  a  suture  of  moderate  depth.  (N.B. — ^The 
appearance  of  a  sort  of  belt  over  the  suture,  between  the  penult  and 
body -whorl,  correctly  represented  in  Fig.  3,  has  no  structural 
significance,  but  seems  to  be  the  result  of  one  of  those  curious 
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tricks  which  mineralization  Bometimes  plays  with  the  fossils  of  the 
Dogger.)  The  whorls  are  smooth — almost  polished  in  the  specimen 
— hut  a  fine  system  of  undulating  spirals  may  he  seen  on  close 
inspection,  and  these  are  decussated  hy  hroad  fiat  lines  of  growth. 

The  aperture  is  wide,  and  suhcircular,  the  outer  lip  heing  produced 
and  slightly  pouting;  columella  nearly  straight  and  considerahly 
thickened. 

Relations  and  Diatributton. — The  ahove  forms  are  hy  no  means 
easy  to  allocate  generically,  and  it  is  quite  open  to  question  whether 
the  varieties  A.  and  B.  should  not  be  more  widely  separated. 
Variety  A.,  which  is  the  least  rare  of  the  two,  has  the  shell  extremely 
depressed  and  neritoid,  and  the  ornamentation  so  characteristic  of 
the  more  delicately  sculptured  amongst  the  Jurassic  Neritopsids  is 
conspicuous  in  a  good  light  without  the  aid  of  a  lens.  In  this 
respect  variety  A.  approaches  Neritopm  (Turbo)  canaltculatus, 
D'Arch.,  from  the  Cornbrash  of  Yorkshire,  described  in  the  last 
number  of  this  Memoir.^  There  are  a  fair  number  of  specimens  . 
in  the  best  collections,  but  hardly  any  afibrd  opportunities  for  a 
study  of  the  aperture.  The  Jermyn-Street  specimen  (Fig.  2)  is 
almost  alone  in  this  respect,  and  even  in  this  one  the  conditions 
are  not  altogether  favourable  for  a  very  accurate  diagnosis.  The  late 
Dr.  Lycett  appears  to  have  regarded  this  specimen  as  a  Neritapsis, 

Variety  B.  is  very  like  Phillips's  figure,  and  also  like  D'Orbigny's. 
Although  it  has  many  points  of  resemblance  with  A.,  yet  there  are 
important  differences.  The  spiral  angle  is  15^  less  and  the  ratio 
of  the  body- whorl  10  per  cent  less,  and  the  aperture  is  relatively 
smaller,  and  more  circular.  Indeed  the  whole  aspect  of  the  shell  is 
less  like  a  Neritopais,  This  variety  must  be  regarded  as  the  re- 
presentative of  Phillips's  type.     It  is,  however,  very  rare. 

Both  varieties  occur  sparingly  in  the  Dogger,  but  as  yet  I  have  not 
identified  them  from  the  Inferior  Oolite  of  the  West  of  England. 
Supposing  that  variety  B.  is  really  represented  by  Delphinula  gibhosa, 
Thorent,  it  occurs  in  the  Inferior  Oolite  of  St.  Michel  (Aisne), 
France. 

Qenus  Turbo,  Linnseus,  1758. 

As  previously  intimated  in  the  "  Corallian  Gasteropoda "  (Gkol. 
Mao.  1881,  p.  52),  and  also  in  a  former  part  of  the  present  Memoir, 
owing  to  the  withdrawal  of  Amberleya,  and  the  so-called  Littorince, 
the  number  of  species  left  to  be  classed  under  Turbo  is  limited.  If 
we  were  further  to  withdraw  the  forms  usually  referred  to  Monodonla 
and  Delphinula,  there  would  be  no  representative  of  Turbo  at  all  in 
the  series  of  beds  now  under  consideration.  It  must  be  admitted 
that,  in  the  absence  of  certain  characters  easily  recognized  in  existing 
species,  it  is  extremely  difficult  to  know  how  to  treat  the  quondam 
Turbos  of  our  lists :  nay  more,  it  is  not  always  easy  to  say  (when  the 
aperture  is  concealed  or  imperfect)  whether  a  species  should  be  classed 
under  Turbo  or  Troehus.  Hence  I  am  free  to  admit  that  the  arrange- 
ments at  present  adopted  are  somewhat  empirical,  and  thus  the  list  of 

Gbol.  Mao.  Deo.  III.  Vol.  I.  p.  801. 
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Jurassio  Turbos  beoomes  large  or  small  aooording  to  the  views  of 
particular  authors. 

That  Amberleya  and  the  so-called  Liitorinm  should  be  classed 
under  the  Turbinidos  rather  than  under  the  LittorinidcB  is  extremely 
probable.  The  title  of  the  smooth  forms  of  Monodonta  to  be 
separated  from  Turbo,  because  of  the  oolumellar  tooth,  which  is 
very  irregularly  developed,  is  also  doubtful,  since  there  seems  to 
be  a  singular  connection  between  the  small  smooth  Turbos  of  the 
Lias  and  the  '' Monodontas "  of  the  Oolite.  It  is  best  to  regard 
Uonodonta,  Orossostoma,  eta,  as  merely  of  subgeneric  value. 

68. — ^TuBBO  (Monodonta)  lavioatus,  Sowerby,  1821.     Plate  IT. 
Figs.  4,  4a,  46 ;  5,  5a ;  6,  6a. 

N.B. — In  a  general  sense  this  should  be  viewed  as  a  group  rather 
than  as  one  species.    The  references  below  must  not  in  every  case 
be  regarded  in  the  light  of  actual  synonyms,  but  rather  as  represent- 
ing sections  of  the  group.     Hence  no  chronological  arrangement 
1821.    Jieritm  Ufvigata,  Sowerby.    Min.  Conch,  pi.  217,  fig.  1. 
1854.    Monodomta  UBPigata,  Soweiby.     Morr.  Cat.  p.  268. 
N.D.     Nenta  MluUia,  Bean  MS. 
1848.     Troehm  Labady$i^  B'Archiao.      M6m.  Soo.  Geol.  Fr.  toI.  t.  pt.  2,  p.  379» 

pi.  29,  fig.  2,  2a, 
1862.     Troehm  aemon,  D'Orbigny.    Terr.  Jurass.  p.  278,  pi.  314,  figs.  1—4. 
1860.    Monodonta  papiUaj  HId.   et  Deal.    Bull.  Soo.  Linn.  Nonn.  p.  69  of  sep. 

copy,  pi.  3,  fig.  1. 
1867.    Chrytottoma  ovulata,  H^b.  et  DesL    Laube,    Gaster.  von  Balin,  p.  18, 
pi.  8,  fig.  8. 

Compare  also — 
I860.     CrotiotUma  dUeoidtum^  Morris  and  Lycett.    Qt.  Ool.  Moll.  p.  73,  pi.  zL 
fig.  7. 

Bibliography,  etc. — Although  specimens  of  this  plentiful  and  wide- 
spread group  are  not  extremely  rare  in  the  Yorkshire  Dogger,  yet  it 
would  seem  that  none  were  available,  when  Phillips's  early  editions 
were  published.  It  is  somewhat  singular  that  no  notice  should  have 
been  taken  of  these  fossils  in  the  third  edition  of  the  G.Y.  (1876), 
notwithstanding  their  obvious  and  unmistakeable  difference  from  the 
species  just  described  (No.  67).  In  the  Leckenby  Collection  and 
also  at  York  they  are  known  as  "  Nerita  bellulata,**  Bean,  MS. 

None  of  the  three  Yorkshire  forms  figured  answers  exactly  to 
Sowerby's  type  of  Monodonta  lavigata,^  which  measures  as  follows : 
— Height  12  mm.,  width  13'mm.,  spiral  angle  (approx.)  90°,  ratio 
of  body- whorl  to  entire  shell  75 :  100.  Hence  the  type  of  the 
M,  lavigata  group  is  median  between  such  extremes  as  Monodonta 
acmon,  D'Orb.,  with  a  spiral  angle  of  65°,  and  the  highly  rotelliform 
section  with  an  inconspicuous  spire,  which  is  represented  by  Mono* 
donta  (Chrysostoma)  ovulata,  H.  and  D.,  and  perhaps  yet  further  by 
Crossostov^a  of  the  Qreat  Oolite.  In  the  collections  from  the  LO.  of 
the  South  of  England  the  median  form  is  well  represented,  but 
graduates  into  the  rotelliform  section  ;  whilst  the  papilliform  section 
is  more  sharply  separated.     Thus  Mr.  Tawney  (Dundry  Gkistero* 

'  Kindly  lent  to  me  by  the  Council  of  the  Bristol  Museum  at  the  instance  of 
Edward  Wilson,  Esq.,  ?.6.8.,  the  Curator. 
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poda)  recognized  two   species,  viz.  Monodonta  lavigata,  Sow.,  and 
Monodonta  acmon,  D'Orb. 

It  is  well  known  that  the  bulk  of  these  shells  from  the  G.O.  were 
classed  by  Morris  and  Lyoett  under  Monodonta  Labadyei,  D*Arch., 
which  belongs  to  the  papilliform  section.  As  far  as  I  can  see  at 
present,  no  particular  section  can  be  predicated  of  any  one  horizon  as 
being  peculiar  to  it ;  but  in  each  district  of  the  Lower  Oolites,  and 
possibly  higher  up  in  the  Jurassic  system,  some  one  or  more  of  these 
sections  will  be  found  to  prevail,  but  often  with  a  local  modification, 
which  it  would  be  difficult  either  to  describe  or  depict,  but  which  at 
the  same  time  is  recognizable.  Such  varieties  may  be  regarded  as 
races.  Hence,  perhaps,  there  is  more  variation  laterally  than 
vertically. 

If  people  please  to  amuse  themselves  by  giving  specific  names  not 
only  to  the  sections  but  also  to  the  races  which  make  up  the  group  of 
Monodonta  lavigata,  well  and  good ;  but  such  "  species  "  are  not  of 
equal  value,  seeing  that  they  frequently  represent  differences 
which  are  extremely  small  in  amount. 

Description. — var.  bbllulata,  Bean. — Specimen  from  the  Dogger 
(zone  1),  Peak  (Blue  Wyke).    York  Museum.     Figs.  4,  4a,  46. 

Height   13*6  millimdtrefl. 

Width    14  „ 

Spiral  allele 80°. 

Batio  of  Dody-whorl  to  entire  shell    68  :  100. 

Shell  small,  turbinate,  not  umbilicated.  Whorls  four  or  five,  which 
increase  under  a  regular  angle,  are  moderately  tumid,  and  separated 
by  a  well-defined,  but  not  wide,  suture.  Body- whorl  relatively  large, 
tumid,  with  a  very  slight  flattening  of  the  posterior  region.  The 
entire  shell  is  perfectly  devoid  of  ornament,  except  lines  of  growth 
which  are  numerous  and  very  fine.  Aperture  tolerably  wide  and 
nearly  circular ;  columella  thick  and  strongly  toothed  anteriorly. 

Bdations  and  Distribution. — This  variety  belongs  to  the  papilliform 
section,  represented  in  the  Great  Oolite  by  Monodonta  Labadyei, 
D'Arch.,  and  in  the  Callovian  of  Montrueil-Bellay  by  Monodonta 
papilla,  H^b.  et  Desl.  How  far  these  three  actually  diflfer  from 
each  other  it  would  be  difficult  to  say,  without  having  specimens  of 
each  side  by  side.  It  is  the  only  section  of  the  group,  which  is  found 
in  any  quantity  in  the  Yorkshire  Dogger,  though  by  no  means 
common. 

Description  of  another  variety,  B. — From  the  same  horizon  and 
locality.     York  Museum.     Figs.  5  and  5a. 

Height • 9  millim^tree. 

Width   10  „ 

Spiral  anfi^le irregular. 

Batio  of  Dody- whorl  to  entire  shell 75  :  100. 

This  variety,  which  is  similar  to  forms  from  other  parts  of  Eng- 
land, is  characterized  by  a  great  irregularity  in  the  development  of 
the  whorls.  The  penultimate  exhibits  a  remarkable  bulge  anteriorly, 
whilst  the  posterior  region  is  considerably  flattened.  This  variety 
probably  occurs  wherever  the  group  is  abundant  It  is  very  rare 
in  the  Dogger. 
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Description  of  another  variety  near  to  M.  omiata,  H.  and  D« 
From  the  same  horizon  and  locality.     Leckenby  Coll.   Figs.  6  &  6a, 

Heirfat     , 7*6  miUirndtres. 

Width 10  „ 

Spiral  angle 112°. 

Kutio  of  body-whorl  to  entire  shell 86  :  100. 

Shell  small,  transversely  ovate,  depressed,  not  umbilicated.  The 
spire  is  few-whorled  and  bears  but  a  small  proportion  to  the  body- 
whorl,  whioh  is  slightly  flattened  in  its  upper  part,  and  extremely 
swollen  anteriorly.  Sutare  almost  invisible,  whorls  extremely 
smooth.  Aperture  transversely  (to  the  axis)  ovate,  columella  short, 
thick  and  toothed  anteriorly. 

Relations  and  Distribution. — This  is  the  most  roteUiform  of  the 
M.  lavigata  group  in  the  Yorkshire  Dogger,  and  is  to  a  certain  ex- 
tent the  representative  of  Monodonta  ovtUata,  Heb.  et  Desl.  The 
typical  M.  laevigata  lies  between  the  two  extremes  shown  in  Figures 
4  and  6.     Extremely  rare  in  the  Yorkshire  Dogger. 

As  regards  the  Eelations  and  Distribution  of  the  3f.  lavigata 
group  generally,  this  subject  was  partly  discussed  under  the  heading 
**  Bibliography."  It  might  be  hazardous  to  speculate  how  nearly 
some  of  the  small  smooth  Turbos,  not  unfrequent  in  the  Lias,  are  re- 
lated to  our  Turbo  {Monodonta)  lavigattts  group.  This  will  require 
further  investigation.  As  regards  distribution  in  the  Lower  Oolites, 
we  find  all  three  sections  recognized  by  Laube  from  the  Brown  Jura 
of  Balin,  though  his  identifications  are  not  absolutely  correct.  By 
this  author  the  group  is  referred  to  Chrysostoma,  Swainson,  classed 
by  Gray  with  the  rotelliform  Trochids.  Not  noticed  by  Brauns  in 
the  Middle  Jura  of  N.  W.  Germany.  In  the  Yorkshire  Oolites  we 
do  not  find  any  shells  of  this  kind  between  the  Dogger  and  the  Coral 
Rag,  where  three  species  were  recognized  (see  "  Coral lian  Gastero- 
poda," Geol.  Mag.  1881,  p.  53),  in  many  respects  analogous  to  the 
three  sections  of  Turbo  lavigatus. 

69.~ Turbo  (Dblphinula)  funiculatus,  Phillips,  1829.    Varieties. 
Plate  IL  Figs.  7  and  8. 

See  "  Corallian  Gasteropoda,'*  (Gbol.  Mao.  1881,  p.  64.) 

Compare  also 
Turbo  HamptonenMy  Morris  and  Lycett,  Gt.  Ool.  Moll.  p.  64,  pi.  ix.  fig.  30. 
Turbo  DavoutUi,  D'Orbigny,  Terr.  Jurass.  p.  344,  pi.  331,  figs.  7-10. 

Bibliography,  etc. — The  type  is,  of  course,  a  Corallian  fossil  not 
uncommon  in  the  Coral  Rag  of  Yorkshire.  The  fossils  now  under 
consideration  are  representative  rather  than  identical  forms ;  though, 
after  all,  the  principal  diflference  is  probably  due  to  the  more 
exuberant  development  of  the  Coral  Rag  fossil  and  partly  to  difference 
of  status.  As  these  shells  are  extremely  rare  in  the  Lower  Oolites  of 
Yorkshire,  the  present  classification  is  only  provisional,  and  the  same 
may  be  said  of  the  suggested  comparisons.* 

*  In  both  figures,  but  especially  in  Figure  8,  the  granulations  are  made  too  small 
and  too  circular.    There  are  indications  that  these  nwles  were  mure  imbricated. 
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Descriptions, — Doqokr  Variety. — Specimen  from  the  Dogger  (zone 
1),  Peak  (Bhie  Wyke).     Leckenby  Collection.     Figure  7. 

{Heiffht 6-6  millimdtree. 
Width 6-26        „ 
Spiral  angle    78°. 

A  small  turbinate  shell,  highly  ornamented.  Spire  few-whorled 
(maoh  eroded  in  the  specimen),  and  apparently  about  ^rd  the  height 
of  the  entire  shell.  Body-whorl  large,  sutures  wide.  The  orna- 
mentation is  rich,  consisting  of  well-cut  spirals  strongly  tuberculated  ; 
the  uppermost  row  of  tubercles  recedes,  and  was  probably  rather 
imbricated.     Other  indications  are  wanting, 

CoRNBRASH  Yarikty.  —  Specimen  from  the  Combrash  (zone  4), 
Scarborough.     Leckenby  Collection.     Figure  8. 

!  Height 12  millim^tree. 
Width    11-26      „ 
Spiral  angle 80°. 

About  twice  the  size  of  the  Dogger  variety,  but  too  imperfect  and 
too  much  involved  in  matrix  for  accurate  description.  The  system 
of  the  tuberculation  is  proportionately  enlarged,  the  tubercles  being 
exceedingly  coarse  and  spirally  elongate.  The  specimen  having 
been  much  eroded,  these  tubercles  have  a  sort  of  polished  appearance, 
though  it  is  not  improbable  that  they  were  originally  imbricated. 
Suture  wide. 

Belations  and  Distribution, — But  little  more  can  be  said  on  these 
points.  The  gaping  suture  and  the  probable  imbrication  of  the  nodes 
make  it  almost  certain  that  these  forms,  small  and  battered  though  they 
be,  belong  to  the  group  of  Delphinula,  of  which  Turbo  (D.)  funiculatus, 
Phil.,  may  be  regarded  as  the  type.  £ach  specimen  is  unique  in  its 
horizon  for  Yorkshire,  and  this  is  an  additional  reason  for  not 
attempting  any  new  names.  Specimens  similar  to,  if  not  identical 
with,  the  Dogger  variety,  may  be  noted  occasionally  from  the  Inferior 
Oolite  of  other  parts  of  England. 

70. — Turbo  (Delphinula)  oranatus,  sp.  n.     Plate  II.  Figs.  9-12. 

Delphinula  granata^  Bean,  MS. 
Solarium  granatum,  Bean,  MS. 

Descriptions, — Section  A. — Shell  depressed,  bicarination  of  body- 
whorl  indistinct. 

Specimen  from  the  Dogger  (zone  1),  Peak  (Blue  Wyke).  Leck- 
enby Collection.     Figs.  9,  9a. 

Height 5*5  millimetres. 

Width    6-5        „ 

Spiral  angle 120°. 

Katio  of  ^y-whorl  to  entire  shell   85  :  100. 

Shell  small,  turbinate,  depressed,  umbilicated.  Whorls  angular  and 
step-like ;  those  of  the  spire  about  4  in  number ;  suture  rather  close. 
The  apical  whorls  are  nearly  smooth,  but  the  antepenult  exhibits  a 
fine  granulated  carina  towards  the  base,  whilst  the  rest  of  the  shell  is 
marked  by  fine  spiral  granulations  with  larger  granulations  on  the 
carince.     Body -whorl  very  large  in  proportion  and  angular :  close  to 
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the  SQtnre  is  a  double  spiral  ridge  slightly  tuberoulated,  the  re- 
mainder of  the  flat  area  being  marked  by  floely-granulated  spirals. 
The  widest  part  of  the  shell  is  marked  by  a  slight  carina  with  larger 
granulations,  below  which  are  other  slight  keels  :  base  granulated. 

This  specimen  represents  a  young  individual :  the  ornaments  are 
exceptionally  well  preserved. 

Another  specimen, — Same  horizon  and  locality.  Bean  Colleotiony 
British  Museum.     Figs.  10  and  lOo. 

Height     6*6  millimetres. 

Width 7-76        „ 

Spiral  angle 1 10°. 

This  probably  represents  a  more  mature  individual  than  the  pre- 
ceding. The  body-whorl  is  slightly  bicarinate,  the  upper  keel  l)eing 
somewhat  the  stronger.  The  base  ot  the  shell  is  ornamented  by 
fine  granulated  spirals  terminating  in  a  spiral  of  larger  tuberculations, 
which  fringes  a  moderately  wide  and  deep  umbilicus.  The  aperture 
is  slightly  pentagonal,  and  fairly  large. 

Another  Bpecimen. — Same  horizon  and  locality.  York  Museum. 
rigs.ll,  11a,  andll6. 

Height 11-5  millimetres. 

Width    18-25        „ 

Spiral  angle Irregular. 

A  fine  example  of  the  mature  shell.  It  consists  of  five  whorls : 
the  apical  ones  are  free  from  granulations,  but  with  the  usual  carinee : 
penult  sufficiently  uncovered  to  show  the  lower  carina.  Suture 
rather  more  open  than  in  the  smaller  specimens.  Ornaments  of  the 
body-whorl  rather  coarser  than  in  the  smaller  specimens.  Upper 
carina  bigranulate :  lower  carina  scarcely  distinguishable.  I'he 
tuberculated  spiral  which  fringes  the  umbilicus  very  conspicuous 
(116).    Aperture  nearly  circular,  with  the  pillar  lip  slightly  produced. 

Section  B. — Shell  sub-conical :  bicarination  of  body- whorl  dis- 
tinct. 

Specimen  from  the  same  horizon  and  locality.  My  Collection. 
Not  figured. 

Height  12*5  millimetres. 

Width    12-5         „ 

Spiral  angle  (ahout) 85°. 

The  points  in  which  this  form  differs  from  those  described  under 
Section  A.  are  (1)  the  more  conical  outline  of  the  spire,  which  is 
almost  acute;  (2)  the  strong  bicarination  of  the  body-whorl;  (3) 
the  coarser  tuberculation  of  the  spiral  surrounding  the  umbilicus ; 
and  (4)  the  spiral  angle  of  lower  value.  This  specimen  has  a  sort 
of  superficial  resemblance  to  "  Trochus  "  hisertui. 

Another  specimen, — Same  horizon  and  locality.  Bean  Collection, 
British  Museum.     Fig.  12. 

Trochiform  like  the  last,  the  whorls  of  the  spire  are  devoid  of 
granulations,  though  the  keels  are  well  marked.  The  omamentatioa 
of  the  upper  part  of  the  body-whorl  is  peculiar,  the  spirally  grann^ 
late  character  being  masked  by  an  axial  or  transverse  system.  Owing 
to  the  matrix,  it  is  not  easy  to  say  if  the  lower  keel  b  developed* 
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This  18  probably  an  aged  shell,  or  it  may  have  snfifered  during  the 
process  of  mineralization. 

Relations  and  Distribution. — It  will  be  gathered  from  a  ooraparison 
of  the  descriptions  under  Sections  A  and  B,  that  there  exists  a 
depressed  and  irregular  form  (A),  and  a  sub-conical  and  more  regular 
form  (B)  ;  each  of  which  has  hitherto  been  referred  to  Turbo 
(Ddpkinula)  granatus,  and  had  best  remain  so  for  the  present  The 
young  specimens  of  Section  A  have  a  very  wide  spiral  angle.  It  is 
just  one  of  those  groups  that  easily  passes  into  something  else, 
which  is  nearly,  but  not  quite  the  same.  It  may,  I  think,  be 
seen  in  collections  from  the  Lincolnshire  Limestone,  but  south  of  this 
I  have  not  at  present  traced  it. 

llie  analogous  or  representative  species  in  the  rich  univalve  beds 
of  the  I.O.  of  Dorset-Somerset  must  be  sought  in  Turbo  Shaleri, 
Tawney  (Dundry  Gasteropoda,  p.  23,  pi.  2,  fig.  3).  In  Turbo  Shaleri, 
which  may  well  be  regarded  as  belonging  to  the  subgenus  Delphinula, 
the  shell  is  somewhat  more  depressed  than  in  our  section  A. ;  and 
the  whorls,  especially  the  body-whorls,  are  more  angular  and  pos- 
sessed of  more  prominent  and  better  defined  carinse.  In  T,  Shaleri 
also  the  umbilicus  is  wider,  and  lK>unded  by  a  spiral  of  large  tubercles, 
few  in  number,  rather  than  by  the  small  and  numerous  granules 
which  surround  the  umbilicus  in  D.  granata  (see  Fig.  116). 

Not  found  in  Yorkshire  anywhere  but  in  the  Dogger  of  the  Peak. 
Nothing  of  the  kind  is  quoted  by  Brauns  from  N.W.  Germany. 
Amongst  the  numerous  small  species  of  Turbo  figured  and  described 
by  D'Orbigny,  we  can  scarcely  doubt  that  some  must  be  pretty  near 
to  Turbo  {Delphinula)  granatus, 

71.— TuBBo  ?  species.    Plate  11.  Fig.  13. 

Description. — Specimen  from  the  Dogger  (zone  1),  Peak  (Blue 
Wyke).     Bean  Collection,  British  Museum. 

{He^ht 6'75  millimetres. 
"Width 6'60  „ 

Spiralangle    76°. 

Shell  small,  trochiform,  higher  than  wide.  Spire  subacute,  and 
composed  of  about  five  whorls,  which  are  almost  regular  in  their 
increase ;  apical  whorls  nearly  smooth ;  anterior  whorls  angular, 
spirally  granulate,  and  ornamented  by  carinad  with  larger  granulations, 
which  vary  somewhat  in  each  whorl,  but  may  be  described  as  follows : 
(1)  a  fringe  of  beady  granules  close  to  the  suture;  (2)  a  double 
row  of  beady  granulations  at  the  angle  of  the  whorl,  the  upper  row 
being  the  strongest  and  occupying  the  salience  of  the  whorl ;  (3)  the 
body-whorl  developes  an  anterior  row  of  beady  granulations  in 
addition  to  the  preceding.  Suture  moderately  close.  Base  spirally 
granulate.     Other  indications  wanting. 

Bdations  and  Distribution.  —  The  granulated  character  of  the 
ornaments  and  to  some  extent  their  arrangement  serve  to  connect 
this  shell  with  section  B.  of  Delphinula  granata.  On  the  whole; 
however,  its  truly  conical  outline,  closer  suture,  and  the  double  row 
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of  granulations  make  it  difficult  to  believe  that  this  can  represent  the 
young  form  of  section  B. 

Hence  it  may  be  fairly  regarded  as  a  distinct  species,  which  I 
have  not  yet  succeeded  in  tracing  elsewhere.  Bearing  in  mind  that 
the  specimen  is  unique,  and  that  the  aperture  cannot  be  seen,  it 
would  be  premature  to  make  a  new  species ;  but  should  a  name  be 
required,  I  would  suggest  that  it  be  known  as  Turbo  gemmuUferus. 

72.--TUBBO?  species.     PL  IL  Fig.  14. 

Description, — Specimen  from  the  Dogger  (zone  1),  Peak  (Blue 
Wyke).     Bean  Collection,  British  Museum. 

/  Height 6-26  millimfetres. 

Approximate  <  Width   6*6  „ 

(Spiral  angle 90°. 

Shell  small,  subdepressed,  step-like.  The  spire  consists  of  about 
4  whorls,  the  apical  ones  being  smooth  and  inflated.  The  penult 
is  angular,  and  partially  bicarinate  anteriorly,  the  upper  keel  mark- 
ing the  chief  salience :  traces  of  extremely  fine  spiral  ornamentation. 
Body- whorl  large,  both  in  height  and  width,  relatively  to  the  spire, 
and  strongly  angular;  three  well-marked  carinsB  of  nearly  equal 
strength  occupy  the  median  prominence,  the  upper  keel  being  slightly 
double  :  fine  spiral  lines  without  granulation  ornament  the  whole  of 
the  body-whorl,  including  the  base.  Suture  moderately  dose. 
Other  indications  wanting. 

delations  and  Distribution, — Less  depressed,  and  with  a  more 
symmetrical  spire  than  Delphinula  granata,  this  form  is  further  dif- 
ferentiated by  the  non -granulated  character  of  the  keels  and  spiral 
lines.  At  present  I  have  failed  to  trace  the  exact  counterpart  else- 
where. Bearing  in  mind  the  apparently  local  character  of  certain 
forms,  and  the  fact  of  this  specimen  being  unique,  it  would  be  pre- 
mature to  recognize  it  as  a  named  species.  Should  it  be  found  to 
occur  more  plentifully,  1  would  suggest  the  name  of  Turbo  {Delphi* 
nula)  ItBvior, 

Qenus  Troohus,  Linnaeus,  1758. 

The  three  zones  of  the  Inferior  Oolite  in  Yorkshire  are  extremely 
poor  in  shells  referable  to  this  genus.  I  have  already  expressed  a 
belief  that  '*Trochus'*  bisertus,  PhilL,  belongs  to  the  so-called 
Littorincp :  and  even  if  this  group  is  ultimately  restored  to  the 
Turbinida,  T,  bisertus  cannot  be  regarded  as  a  Trochus, 

In  Trochus  monilitectus,  Phil.,  we  possess  a  well-marked  and 
characteristic  Trochus,  almost  the  only  one  hitherto  noted  from  any 
portion  of  the  I.  0.  of  Yorkshire.  The  Lias  of  Yorkshire,  accord- 
ing to  Tate  and  Blake,  has  yielded  three  species  of  Trochus,  only  One 
of  which  is  at  all  plentiful.  Hence  we  are  prepared  to  have  the 
genus  poorly  represented  in  the  Dogger. 

73. — Tboohus,  near  to  dimidiatus,  Sowerby,  1818.     PL  II.  Fig.  15. 
1818.     Trochus  dimidiatus,  Sowerby.     Min.  Conch,  pi.  181,  fig.  4. 

Bibliography, — Sowerby  described  his  species  from  a  single  sped- 
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nien  found  at  Little  Sodbury.     It  is  just  possible  that  some  of 
D'Orbigny's  species  from  the  I.  0.  are  synonyms. 

Description. — Specimen  from  the  Dogger  Sands  (lower  part  of 
zone  1),  Blue  Wyke.     Leckenhy  Collection. 

The  specimen  is  too  much  involved  in  matrix  for  close  description. 
The  spire  consists  of  about  four  whorls,  which  increase  under  a 
regular  angle,  the  apical  ones  being  smooth  and  inflated.  The  penult 
shows  traces  of  a  strong  carina  :  the  body-whorl,  which  is  relatively 
large,  has  two  keels,  of  which  the  lower  represents  the  margin  of 
the  base.     Shell  plain. 

Belationa  and  JDistribution. — ^This  small  fossil  is  so  near  to  Sowerby's 
species  that  it  would  be  unsafe  to  separate  them.  The  specimen 
figured  is  the  only  one  known  to  have  been  found  in  the  I.  0.  of 
Yorkshire. 

EXPLANATION  OP  PLATE  II. 

Fig.  1.  Neritopm   Uevigata,    Phil.     Variety  A.    Dogger,   Blue  Wyke 

Leckenby  Collection.    Back  view,     x  I|. 
„     2.  lb.    Variety  A.     Dogger,  Blue  Wyke.    Jermyn  Street  Museum. 

Front  view,     x  IJ. 
„     3, 3a.         lb.     Variety  B.      Dogger,  Blue  Wyke.      York  Museum.     Back 

and  front  views,     x  IJ. 
„     4,  4a,  43.    Turbo  (Jfonodonta)  l^svigaim.  Sow.,  var.  bellulat^.  Bean.     Dogger, 

Blue  Wyke.    York  Museum.    Back,  front,  and  basal  views,    x  U. 
„     5, 6a.         lb.    Variety  B.     Dogger,  Blue  Wyke.    York  Museum.     Back 

and  front  views,     x  14* 
„     6,  6«.         lb.  var.  near  to  ovufata,  fl.  &D.     Dogger,  Blue  Wyke.    Leckenby 

Collection.     Back  and  front  views,     x  1^. 
„     7.  Turbo   (Ddphinula),   cf.  funieulatusy  Phil.      DoooER  Variety. 

Leckenby  Collection.    Back  view,     x  IJ. 
I,     8.  lb.  Cornbrash  Variety.  Leckenby  Collection.  Back  view,    x  IJ. 

„     9,9a.  2Vr*o  ( />^/;pA»«M/a)  ^rawa^w,  Bean  M  S.  Young  specimen.    Dogger, 

Blue  Wyke.    Leckenby  Collection.    Apical  and  back  views,    x  Ij. 
„     10,  10a.     lb.    Intermediate  in  size.     Dojrger,  Blue  Wyke.    Bean  Collection, 

British  Museum.    Front  and  back  views,     x  I^. 
„     11,  lla,  ) /(6.      Mature  specimen.      Dogger,  Blue  Wyke.     York  Museum. 

lib.     ]      Back,  fr^nt,  and  basal  views,     x  1}. 
„     12.  lb.    Section  B.    Probably  an  old  or  worn  specimen.      Dogger, 

Blue  Wyke.    Bean  Collection,  British  Museum. 
„     13.  Turbo  {Delph%nula)ySi^\e&.   Dogger,  Blue  Wyke.  Bean  Collection, 

British  Museum.    Back  view,     x  1|. 
„     14.  Turbo  {Delphinula),  species     Dogger.  Blue  Wyke.     Bean  Collec- 

tion, British  Museum.    Back  view,     x  IJ. 
„     16.  TroeAuMf    cf.   dimidiatuSf    Sow.      Dogger    Sands,    Blue  Wyke, 

Leckenby  Collection.    Back  view,     x  IJ. 

{To  be  continued,) 


II. — Geological  Nomknolature. 
By  Prof.  P.  W.  Hutton  F.G.S. 

I  SHOULD  be  much  obliged  if  you  would  allow  me  to  make  a  few 
remarks  on  the  subject  of  Geological  Nomenclature.  Certain 
points  connected  with  nomenclature  are  forced  on  the  attention  of  a 
geologist  living  at  the  antipodes  of  Europe  which  are  not  likely  to 
attract  the  notice  of  one  who  is  working  in,  or  near,  the  region  from 
which  the  standard  table  of  rock-systems  has  been  drawn  up ;  and 
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this  must  be  my  excuse  for  ooming  forward  in  a  matter  which  has 
already  been  so  much  and  so  well  discussed. 

I  do  not  object  to  the  work  done  by  the  International  Congress  at 
Bologna.  .  On  the  contrary,  I  think  that  the  names  "  System," 
"Series,"  and  "Stage,"  with  their  chronological  equivalents,  can  be 
advantageously  employed  by  British  geologists  in  all  parts  of  the 
world  ;  and  I  quite  agree  that  the  term  "  formation  "  should  be  used 
only  with  reference  to  the  mode  of  origin  of  a  rock.  The  term 
"group  "  seems  to  be  unnecessary,  as  we  can  always  speak  of  the 
Palaeozoic  or  the  Mesozoio  rocks  of  a  country  with  all  the  accuracy 
required  when  using  such  wide  terms ;  while  we  cannot  always  do 
the  same  with  sufficient  accuracy  when  referring  to  rocks  belonging 
to  the  shorter  periods  or  epochs.  For  example,  I  can  speak  of  the 
Mesozoio  rocks  of  New  Zealand,  because  the  term  is  wide  and  makes 
no  pretension  to  accuracy.  But  I  cannot  speak  of  the  Jurassic  or  of 
the  Cretaceous  rocks  of  New  Zealand  with  any  approach  to  accuracy, 
although  our  present  unmethodical  nomenclature  often  compels  me 
to  do  so;  and  it  is  on  the  question  of  correlating  systems  in  different 
parts  of  the  world  that  I  wish  to  lay  my  views  before  your  readers. 

It  is  generally  allowed  that  although  deposition  has  been  going 
on  continuously  in  some  part  or  other  of  the  earth,  a  complete  series 
of  rocks  does  not  exist  in  any  one  geological  region  :  and  it  is  also 
allowed  that  the  breaks  in  the  sequence  in  different  regions  are  not 
contemporaneous.  From  this  it  follows  that  the  rock-systems  of  any 
one  geological  region  cannot  possibly  be  the  chronological  equivalents 
of  the  rock-systems  of  other  regions.  Chronological  overlappings 
must  constantly  occur,  and  consequently  there  is  no  single  region  in 
which  the  rock-systems  can  be  taken  as  supplying  a  nomenclature 
applicable  to  the  whole  world.  Further,  in  consequence  of  over- 
lapping, no  table  of  rock-systems,  collected  from  different  parts  of 
the  world,  can  be  compiled  which  will  show  a  simple  sequence.  It 
is  therefore  quite  impossible  to  squeeze  the  rock-systems  of  other 
regions  into  those  found  in  the  European  area.     They  will  not  fit. 

This  being  so,  it  is  evident  that,  if  geological  nomenclature  is  to 
be  fairly  accurate,  each  geological  region  must  have  a  separate  set 
of  systems  distinguished  by  different  names.  This  is  allowed  by 
Dr.  A.  Geikie.^  But  in  order  that  these  regional  systems  may  be 
connected  together,  it  is  necessary  that  geological  time  should  be 
divided  into  a  set  of  divisions  quite  irrespective  of  any  particular 
region :  and  the  systems  could  then  be  referred  to  this  chronological 
scale  with  greater  and  greater  accuracy  as  our  knowledge  of  the 
palaeontology  of  each  region  increased. 

Geological  regions  with  separate  systems  would  be  established 
wherever  it  was  thought  to  be  necessary,  but  in  time  some  might 
amalgamate,  or  partly  amalgamate.  For  example,  there  is  in  New 
Zealand  a  physically  connected  system  of  rocks  which  I  have  called 
the  "  Hokanui  system."  Future  investigation  may  prove  that  this 
is  the  equivalent  of  the  "  Newer  Carbonaceous  System"  of  Australia, 

1  Text-Book  of  Geology,  p.  635. 
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and  in  time  both  may  be  shown  to  be  eqaivalents  of  the  "  Gh)nd wana 
System"  of  India.  If  bo,  the  earlier  name  wonld  stand  for  the 
Regional  System  and  the  others  would  become  synonyms.  Bat  it 
wonld  not  therefore  follow  that  the  Cainozoio  Systems  of  India  and 
New  Zealand  were  equivalents ;  each  system  would  retain  its  own 
name  until  it  was  proved  to  be  the  equivalent  of  some  other.  Some 
systems  would  be  quite  local,  others  would  be  widely  spread. 
Exactly  the  same  method  would  be  employed  with  the  series  com- 
posing  a  system.  Each  would  retain  its  own  name  until  two  or 
more  were  united  by  palsdontological  evidence.  Of  course  differences 
of  opinion  would  arise  as  to  whether  two  series,  or  two  systems^ 
should  or  should  not  be  united.  This  is  unavoidable  in  any  case. 
It  is  the  same  difficulty  which  naturalists  have  to  deal  with  in 
making  species  and  genera.  But  it  is  no  more,  and  probably  a  con- 
census of  opinion  wonld  soon  settle  each  point 

It  may  be  objected  that  a  great  number  of  names  wonld  have  to 
be  introduced,  many  of  which  would  in  time  become  obsolete.  This 
is  true;  but  on  the  other  hand,  applying  the  names  of  the  rock- 
lystems  of  Europe  to  the  systems  in  other  parts  of  the  world  must 
always  be  very  inaccurate,  and  may  lead  to  serious  error.  It  is 
better  to  multiply  names  if  it  insures  accuracy,  than  to  insure  in- 
accuracy by  making  a  few  names  cover  everything.  An  illustration 
will  render  the  comparative  merits  of  the  two  methods  clearer. 
Suppose,  then,  the  existence  of  a  rock-system  in  Chili  which  in 
reality  covered  in  time  part  of  the  Jurassic  and  part  of  the  Cretaceous 
period.  At  first,  when  the  knowledge  of  its  fossils  was  slight,  there 
might  be  a  difference  of  opinion  as  to  its  age.  By  the  one  method 
tome  geologists  would  apply  the  name  Jurassic,  others  Cretaceous  to 
it,  so  that  confusion  might  easily  arise.  But  when  its  true  age  came 
to  be  known,  a  compound  name,  such  as  Cretaceo- Jurassic,  would 
have  to  be  invented,  and  even  then,  this  cumbrous  name  would  not 
be  accurate,  as  the  system  would  not  cover  the  whole  of  these  periods. 
By  the  other  method  the  system  would  at  once  be  called  (say)  the 
*TaIca  system,'  and  under  this  name  it  would  always  remain,  unless 
shown  to  be  the  exact  equivalent  of  some  other  system;  Its  true  age 
wonld  at  first  be  disputed,  but  no  confusion  could  arise,  as  no 
chronological  name  would  be  applied  to  it.  Ultimately  this  point 
would  be  settled  and  the  system  referred  to  its  proper  place  in  the 
universal  scale.  The  name  '  Talca  system  '  would  also  be  accurate, 
as  it  would  include  those  particular  rocks  only,  neither  more  nor  less. 

It  might  also  be  objected  that  under  the  system  here  advocated  it 
would  not  be  possible  to  colour  geological  maps  uniformly ;  but  this 
objection  has  no  weight.  It  is  impossible,  in  any  case,  to  colour  all 
geological  maps  uniformly,  because  the  regional  systems  overlap  in 
time.  It  would  be  no  advantage  to  call  a  system  Silurian,  in  order 
that  it  might  be  so  coloured,  when  we  know  that  it  cannot  be  the 
equivalent  of  that  European  system.  In  the  method  I  advocate  the 
colours  would  represent  the  chronological  divisions  of  the  universal 
scale,  and  each  system  would  be  coloured  as  if  it  belonged  to  that 
chronological  division  which  most  nearly  represented  it. 
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The  regional  systems  and  series  would,  of  course,  have  geograpbical 
names,  but  the  names  of  the  chronological  divisions  should  not  be 
geographical,  as  they  would  be  made  for  palseontologioal  reasons. 
We  have  very  good  chronological  names  for  the  four  great  eras,  and 
the  names  of  the  Cainozoic  periods  are  well  adapted  for  introduction 
into  the  chronological  scale  as  divisions.  What  is  wanted  are  new 
names  for  the  divisions  of  the  Mesozoic  and  Palaeozoic  eras.  The 
Archaean  need  not  be  divided  until  some  means  of  correlating  the 
systems  has  been  discovered.  These  divisions  would  form  a  com- 
plete sequence,  and  it  would  be  as  impossible  to  intercalate  a  new 
division  as  it  would  be  to  put  in  a  new  era  between  the  Palaeozoic 
and  Mesozoic.  But  as  our  knowledge  of  palaeontology  advanced,  it 
might  be  found  advisable  to  make  subdivisions  in  some  cases,  and 
for  this  reason  the  names  of  the  divisions  should  not  be  Upper, 
Middle,  and  Lower. 

One  word  more  as  to  what  I  understand  by  systems.  These  would 
be  separated  by  well-marked  unconformities — physical  or  palaeonto- 
logical — over  the  whole  or  the  greater  part  of  the  region,  and  would 
show  important  geological  changes  in  the  region.  Consequently  they 
would  have  very  unequal  chronological  values.  In  one  region  there 
might  be  only  one  Cainozoic  system,  while  in  another  region  it  might 
be  necessary  to  establish  three  or  four  systems.  They  would  there- 
fore bear  no  relation  to  the  chronological  divisions,  which  themselves 
would  represent,  as  they  do  now,  very  unequal  portions  of  time. 
The  duration  of  the  divisions  would  depend  on  the  rate  of  biological 
change.  The  duration  of  the  systems  would  depend  on  the  frequency 
of  important  changes  in  the  physical  geography  of  each  geologicid 
region.  Mr.  Blanford  says  that  "  the  principal  divisions  should  be 
as  nearly  as  possible  of  equal  value,"  ^  and  no  doubt  this  is  theoretically 
true  as  regards  the  chronological  divisions,  but  it  would  be  difficult 
to  carry  out  in  practice,  as  our  geological  chronometer — biological 
change — has  been  going  faster  and  faster. 

Of  course  I  do  not  pretend  that  there  is  anything  new  in  these 
remarks.  Geologists  are  applying  the  principle  in  all  parts  of  the 
world.  Even  in  England,  as  soon  as  Archaean  rocks  were  discovered, 
new  names  were  given  to  them,  because  it  was  seen  to  be  impossible 
to  correlate  them  with  the  previously-established  Archaean  systems 
in  Canada.  All  that  I  advocate  is  that  the  principle  should  be  carried 
out  methodically  by  putting  the  European  rock-systems  on  the  same 
footing  as  the  rock-systems  of  other  parts  of  the  world,  and  by 
drawing  up  a  chronological  scale  to  which  all  systems  might  be 
referred. 

Cantbrburt  Collboe,  Christchurch, 
New  Zbalaxd. 

1  Geological  Maoazixb,  July,  1884,  p.  319. 
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in. — Note    on  Thbke   Gbnbea.   op   Fossil  Artiodaotyla,  with 
Desobiition  of  a  New  Species. 
By  E.  Lydekker,  B.A.,  F.G.S.,  F.Z.S. 

CiBNOTHEEIUM    FiLHOLI,    «p.    UOV.    nohtS. 
Fiom  the  Qttercy  Phosphorites, 

IN  his  memoir  on  the  Vertebrates  of  the  Quercy  Phosphorites, 
Dr.  Filhol  has  described  two  species  which  he  refers  to  the 
genus  Caenotherium,  viz.  C.  commune  ^  and  C,  elongatum,^  Of  the 
fbrmer  only  one  ramus  of  the  mandible  is  figured,  and  it  is  referred 
to  a  varietal  form  under  the  name  oi  procommune  :  the  latter,  which 
is  a  small  form,  is  known  by  the  cranium  and  mandible.  Both 
species  have  no  diastema  in  the  dental  series.  In  addition  to  these, 
two  small  species  are  referred  to  the  genus  Flesiomeryx,  under  the 
names  of  P.  cadurcenaia  ^  and  P.  quinquedentatua*  the  latter  being 
known  only  by  the  mandible ;  these  forms  are  distinguished  from 
the  true  Canotherium  by  the  presence  of  a  diastema  between  the 
earlier  premolars. 

From  the  Lower  Miocene  of  Cournon  (Puy-de-D6me)  and  St. 
G6rand-le-Puy  (Allier)  Dr.  Filhol  recognizes  three  species  of 
Ctenotherium  proper,  viz.  C.  communef^  C.  lattcurvatum,^  and  C. 
Geoff royi ;  ^  and  one  species  of  Pleaiomeryx,  viz.  P.  gracilia,^  ITie  two 
latter  are  of  very  small  size ;  and  0.  laticurvatum  is  the  largest  of  all. 
In  a  later  memoir  ■  the  same  writer  describes  a  lower  jaw  from  the  • 
Lower  Miocene  of  Eonzon,  near  Puy-en-Velay,  which  is  also  referred 
to  P.  gracilia,  although  it  presents  no  diastema.  This  specimen 
is  the  type  of  Aymard's  ill-defined  ZooUgua  Ficteli  {^  C,  Picteti, 
Gervais) ;  and  on  its  evidence  Dr.  Filhol  says  that  no  distinction 
derived  from  dental  characters  can  be  drawn  between  Canotherium 
and  Fleatomeryx;  although  the  latfer  is  retained  as  a  sub-genus 
marked  by  certain  cranial  characters.  The  present  writer  prefers 
to  altogether  abolish  the  latter  term.  From  the  Upper  Eocene  of 
Mouiliac,  France,  Dr.  Filhol  *"  has  more  recently  described  a  frag- 
ment of  the  maxilla  of  an  allied  form  containing  the  last  five  teeth 
under  the  name  of  Mouillactherium  elegana.  The  specimen  has  not 
been  figured ;  but  it  is  described  as  differing  from  typical  species  of 
Coinotlierium  by  having  a  larger  and  more  forwardly  placed  inner 
cusp  to  P5^^,  by  the  absence  of  the  third  cusp  on  the  hinder  lobe 
of  g^'  3,  and  by  the  presence  of  a  diastema  between  pg>-  ^  and  PJa.  8. 
The  species  is  of  small  size,  the  length  of  the  space  occupied  by  the 
three  true  molars  being  0011.  The  generic  distinctness  of  this 
form  may  perhaps  be  doubted.  The  following  table  indicates  the 
chief  characters  of  the  eight  species  mentioned  above. 

1  Ann.  Sci.  Geol.  toL  yiii.  art.  1,  p.  212,  pi.  xii.  pi.  xii.  figs.  269-70  (1877). 
»  Ibid.  p.  212,  pi.  xii.  figs.  276-8.  ^  /^^,  p,  205,  pi.  xii.  figs.  271-4. 

*  Ibid,  p.  430,  pi.  xix.  tigs.  314-16.  *  Ibid,  vol.  i.  art.  3,  p.  213,  pi.  xxTiii. 

•  Ihd,  p.  226.  pi.  xxix.  t  Ibid,  p.  240. 
8  Ibid,  vol.  xi.  pi.  1,  fig.  13  (1881). 

'  Ibid.  vol.  xii.  art  3,  pp.  77-84,  pi.  xi.  pp.  53-9  (1882).  From  specimens  in 
the  British  Museum  the  writer  is  inclined  to  think  that  C,  eadureense  and  C,  gracile 
maj  he  identical.    Filhol  regards  them  as  very  closely  related. 

w  Ann.  Soc.  ScL  Phys.  Nat.  Toulouse,  1882,  pp.  128-30. 

Digitized  by  VjOOQIC 


64  .    B.  Lydekher — On  Fossil  Mammalia. 

Canofherium,  3  cusps  on  the  hinder  lobe  of  "^  3, 
No  diastema. 

1.  Ceenotherium  latieurvaium,  St.  G^nd-k-Pny. 

2.  Ccmotherium  eommune^  Cournon,  and  Quercy  JPhosphorites. 

3.  Canotherium  Geofroyi^  St.  G6rand-le-Puy. 

4.  Ccmotherium  eUmgatum^  Quercy  Phosphontes. 

A  diastema  usually  present  between  pm.  1  and  pra.  2  in  both 
jaws  (maxilla  unknown  in  No.  6). 

6.  C<enotherium  eadureenae,  Quercy  Phosphorites. 

6.  Canotkerium  graeile,  St.  G6rand-le-Puy,  and  Bonzon. 

A  diastema  between  pm.  2  and  pm.  3  {maxilla  unknown). 

7.  Canotkerium  quinquedentatum,  Quercy  Phosphorites. 
Mouillaciherium,  2  ousps  on  the  hinder  lobe  of  "»  3. 

A  diastema  between  P?i^  and  P"^-  8  (lower  jaw  unknown) . 

8.  Mouillaetkerinm  elegang,  Quercy  Phosphorites. 

It  will  be  observed  that  Nos.  7  and  8  agree  in  the  position  of  the 
diastema,  and,  although  the  latter  is  a  larger  species,  their  generic 
identity  may  perhaps  be  indicated  by  this  character. 


Fig.  1.  Canotherium  FUhoH,  Lyd.    Upper  and  lower  views  of  the  cranium;  from 
the  Upper  Eocene  of  Caylui.    \.    (B.  M.  No.  1399). 

.  Among  a  collection  of  fossils  from  the  Quercy  Phosphorites  recently 
acquired  by  the  British  Museum,  are  two  skulls  of  a  species  belong- 
ing to  the  present  group,  remarkable  for  their  fine  preservation,  and 
on  this  acxK>unt  alone  worthy  of  description.  Both  specimens  are 
from  Cay  lux  (Tarn  et  Garonne).  The  first,  which  is  represented  in 
Figure  1,  consists  of  the  craninm  only,  and  is  almost  as  perfect  as  a 
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recent  sknll.  The  only  loss  winch  it  has  sustaiDed  is  a  portion  of 
the  right  zygomatic  arch ;  part  of  the  posterior  border  of  the  left 
orbit ;  the  right  outer  incisor  and  canine ;  and  the  left  inner  incisor 
and  the  first  premolar.  The  cheek-teeth  belong  to  the  permanent 
series,  and  are  but  slightly  worn.  The  extreme  length  of  the  upper 
surface  of  the  skull  is  0*081,  which  is  practically  the  same  as  in  the 
type  of  C.  laticurvatum  (0*0815),  although  some  specimens  of  the 
latter  (var.  metopias)  are  larger.  The  present  specimen  differs,  how- 
ever, from  that  species  by  the  presence  of  a  distinct  diastema ;  which 
is  situated  between  the  canine  and  P'p-  1,  instead  of  between  the 
earlier  premolars,'  as  in  the  so-called  Jiesiomeryx.  In  this  respect, 
therefore,  the  skull  under  consideration  differs  from  the  first  seven 
species  named  above.  It  differs,  moreover,  in  another  very  important 
point  In  C.  laticurvatum  (which  as  already  said  is  the  only  species 
which  agrees  in  size  with  the  present  specimen),  tbe  nasals  are  long, 
narrow,  convex  bones,  wider  in  front  than  behind,  terminating 
anteriorly  in  a  notch,  and  having  a  depression  at  their  junction  with 
the  f rentals.  In  the  present  specimen  the  nasals  are  very  short,  quite 
flat,  and  the  two  together  form  an  ovalj  terminating  anteriorly  in  an 
acute  point,  lliere  is  no  depression  in  the  frontal  at  the  junction  of 
these  bones,  neither  are  the  frontal  sulci  as  conspicuous  as  in  C, 
laticurvatum.  In  all  the  other  species  of  which  the  cranium  is 
known,  the  nasals  are  long  and  terminate  anteriorly  in  a  notch. 
C.  elangatum  (in  which  there  is  no  diastema)  and  C.  cadureense  agree 
with  the  present  specimen  in  having  indistinct  frontal  sulci,  and  no 
depression  at  the  root  of  the  nasals.  The  present  specimen  agrees  with 
the  much  smaller  last-named  species,  and  G.  commune,  in  having  the 
anterior  border  of  the  posterior  nares  situated  on  the  line  dividing  »«  1 
and  ^•_^  The  figures  of  the  crania  of  the  above-mentioned  species  do 
not  show  the  other  cranial  sutures.  In  the  present  specimen  the 
premaxillffi  extend  upwards  to  articulate  with  the  frontals.  The 
lachrymal  has  a  small  facial,  and  a  large  orbital  portion.  The  facial 
vacuity  is  narrow  and  long.  The  frontal  portion  of  the  cranium  is 
flat;  the  sagittal  crest,  well  developed;  and  tbe  profile  much  less 
arcuated  than  in  C.  laticurvatum.  The  squamosals  extend  high  up  on 
the  temporal  fossae;  and  the  auditory  buUaa  are  of  very  large  size. 
There  is  a  minute  inner  cusp  to  pp«  ^,  which  seems  wanting  in  other 
forms :  the  inner  cusp  of  pm»  3  is  rather  larger  than  in  C,  laticurva^ 
turn,  and  apparently  comes  near  to  Mouillactherium.  There  is  no 
diastema  between  any  of  the  premolars,  and  the  hind  lobe  of  n^'  3  has 
three  cusps. 

The  second  specimen  (Fig.  2)  is  a  good  deal  crushed  and  broken, 
but  is  very  important  in  having  the  mandible  attached  to  it  This 
cranium  has  nasals  similar  to  the  last,  a  diastema  between  the  canine 
and  pia- 1,  and  may,  therefore,  be  referred  to  the  same  species  as  the  last ; 
its  8oim5what  smaller  size  indicates  that  it  probably  belonged  to  a 
female,  llie  lower  dental  series  shows  a  diastema  occurring  between 
pm.  1  and  jm.% ;  as  is  usually  the  case  in  the  species  Nos.  5  and  6 

^  It  is  aasomed  that  in  G.  gradU  the  diastema  hat  the  same  position  as  in  (7. 
9adureen$e. 
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in  the  foregoing  list  The  mandible  of  C.  cddurcense  ia  smaller  than 
the  present  specimen  ;  that  of  C,  quinquedenialum  ^  is  still  smaller ; 
and  the  same  may  be  said  of  C.  gracile?    In  those  forms  which  have 


Fio.  2.  Canothirium  FilhoN,  Lyd.    The  right  lateral  aapect  of  the  oraniam  and 
mandible,  from  the  Upper  Eocene  of  Caylux.    \.    (B.  M.,  No.  M.  1440). 

no  diastema,  the  mandible  of  C.  laticurvaium^  has  a  much  larger 
descending  process  at  the  angle;  that  of  C  commune^  is  deeper 
posteriorly ;  and  that  of  C.  elongaium^  has  the  inferior  border  in 
advance  of  the  angle  highly  arcuated  in  place  of  nearly  straight. 

The  foregoing  comparisons  indicate  the  distinctness  of  the  present 
from  all  the  seven  species  of  Ctenotherium  recognized  by  Dr.  Filhol. 
A  number  of  other  species  have  indeed  been  UHmed,  but  mostly  on 
insufficient  specimens,  llie  so-called  C.  Courtoisi,  Gervais,*  is  much 
smaller  than  the  present  specimen,  and  together  veith  Piclet's  C. 
Renevieri  is  referred  by  Eowalevsky  (Phil.  Trans.,  1873,  p.  25)  to 
Hyopotamus,  C.  colloiaraum''  is  founded  on  specimens  which  do 
not  prove  it«  distinctness  from  other  forms.  The  part  of  the 
cranium  of  Meyer's  Microtherium  figured  by  Gervais  in  the 
"  Zool.  et  Pal.  Fran9ai8es  "  (2nd  ed.  pi.  xxxiv.  p.  7),  seems  to  belong 
to  0.  laticurvatum.  From  Mouillactherium  elegans  the  present  form 
is  distinguished  by  its  superior  size,  by  the  absence  of  a  diastema 
between  pm-  2  and  P?^-_?,  and  by  the  presence  of  a  third  cusp  on 
the  hinder  lobe  of  m.  8  ;  it  seems,  however,  to  be  allied  to  that  form 
by  the  large  development  of  the  inner  cusp  of  pm^. 

Seeing,  therefore,  that  the  present  form  is  markedly  distinct  from 
all  those  species  of  Canothertum  which  are  described  upon  suflS- 
oiently  perfect  specimens,  and  as  it  cannot  be  identified  with  any  of 
the  imperfectly  known  forms  or  with  Mouillactherium  ehgans,  it 
seems  permissible  to  give  it  at  least  a  provisional  new  specific  name ; 
and  that  of  Filholi  is  proposed,  in  honour  of  the  describer  of  so 
many  of  the  Quercy  vertebrates.     The  wiiter  proposes  to   place 

^  Ann.  Sd.  G6oL  toI.  viii.  pi.  lii.  figs.  314-6. 

*  Ibid,  vol.  xi.  pi.  i.    g.  3 ;  vol.  xii.  pi.  xi.  fig.  58. 

5  Ibid.  fig.  7.  Ihid.  vol.  yIu.  pL  xii.  tigs.  269-70.  •  Ibid,  fig.  276. 

•  Zool.  et  Pal.  Fran9.  2nd  ed.  p.  162.  '  Ibid, 
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the  species  in  the  type  genus  ;  but  if  the  genus  Plesiomeryx  be 
maintained,  it  would  seem  necessary  to  form  another  genus  for  the 
present  form,  as  the  position  of  the  diastema  is  different  from 
that  which  occurs  in  the  species  of  Plenortieryx  of  which  the  skull 
is  known,  or  in  Mouillactherium, 

The  following  table  gives  the  dimensions  of  the  skulls  of  C.  Filholi 
and  a  typical  skull  of  C.  laticurvaium. 

a  Filholi,  C,  laticuv" 

No.    ^-  No.  J*-  vatum, 

1399  1400 

Cranium.— Extreme  length  superiorly 0*081       ..  0-073  ..  0-0815 

„  inferiorly    0067       ..  0-064  ..  0-070 

Length  of  series  of  cheek-teeth 0-032       . .  0031  . .  0-037 

„  true  molars....     00144     ..  0-0143  ..  0-0175 

Width  of  palate  at  m.  3 0014       ..  ..  0-016 

Length  of  nasals 0-019       . .  0-0176  . .  0-024 

Greatest  width  of  do 0008       ..  0*0076  ..  0-006 

Height  of  occiput    0016       ..  ..  0-016 

Extreme  height  of  cranium    0033       . .  . .  0-033 

Vertical  diameter  of  orhit 0-014       ..  0013  ..  0016 

Length  of  diastema     0-0037     . .  0003 

Mandihle.— Extreme  length 0056  . .  0-067 

„       height 0-037  ..  0043 

Length  of  dental  series 0039  ..  0042 

„        lastsixteeth 0-030  .,  0-034 

Height  at  p.m.  2    0-007  ..  0005 

m.3    0013  ..  0-017 

Length  of  diastema    0-0026 

C^NOTHERIUH   Sp.  (?  UOV.) 
From  the  Querey  PhosphoriUi, 
The  anterior  portion  of  a  third  cranium  from  Caylux,  which  is 
figured  from  the  palatal  aspect  in  woodcut  Fig.  3,  apparently  indicates 
a  new  variety  or  species.     With  the  excep- 
tion of  the  third  incisor,  the  specimen  shows 
the   complete   dentition   on  the   left  side; 
and  also  the  orbit  and  the  anterior  root 
of  the  left  zygomatic  arch.     The  premaxilla 
and  frontal  of  the  same  side  also  remain ; 
but  the  nasals  have  disappeared,  although 

a  cast  of  their  inner  surface  remains.     The  ' 

dentition  is  of  the  type  of  the  last  species ; 
that  is,  there  is  a  diastema  between  the 
canine  and  P"^-  '^ ;  and  in  no  other  part 
This  character  at  once  distinguishes  the 
specimen  from  the  first  four  species  of 
Canotherium  mentioned  in  the  list  given 
above :  and  the  specimen  is  of  considerably 

larger  size  than  either  of  the  last  three  Fxo.  3.  Camtherium,  sp. 
species  in  that  list  From  C.  Filholi  it  is  The  palatal  portion  of  the 
distinguished  by  the  much  smaller  space  afanium:  from  the  Upper 
occupied  by  the  cheek-teeth;  and  also  by  S^I^J^Si^^x^'^^^'  *•  ^^°- 
the  circumstance  that  the  nasals  (as  shown 

by  their  cast)  are  of  the  elongated  type  of  C.  commune ;  terminating 
anteriorly  in  a  notch,  and  with  their  lateral   borders  diverging 
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regularly  outwards  from  their  roots.  The  frontals  seem  to  have 
been  flat,  without  any  depression  at  the  jnuotion  with  the  nasals ; 
and  the  premaxillas  extend  upwards  to  articulate  with  the  frontals. 
The  form  of  the  palate  is  very  like  that  of  0.  commnne ;  but  the 
interval  between  m«  1  and  the  incisors  is  much  less,  and  the  incisors 
and  canine  are  considerably  larger. 

In  Fig.  4  there  is  represented  the  left  ramus  of  the  mandiblci,  im- 
perfect posteriorly,  of  a  Cteno- 
therium,  from  Cay  lux,  which 
from  its  size  and  general  charac- 
ters may  very  probably  be  re- 
ferred to  the  same  species  as  the 
cranium  just  described.  It  is 
of  considerably  smaller  size  than 
the  mandible  of  C.  FilhoUy  but 
agrees  in  having  a  distinct  dias- 
tema between  pm.  1  and  pm.  2. 
Fig.  4.    Canotherium,  ep.    The  left     Jt  ig  much  larger  than  the  man- 

Syf  trr'u  JEte*n/"oi  ^^^  «f /•  ^uin^'^^tatun,  and 
Caylux.    h    (B.M.  No.  M.  1401,  a.)  ^-   gractU;  and   is  also   larger 

than  that  of  C.  eadurcense,  in 
which  the  length  of  the  space  oocupied  by  the  last  six  cheek-teeth  is 
only  00215. 

The  following  are  the  dimensions  of  the  cranium  and  mandible. 

Cranium, — Length  of  smes  of  cheek-teeth . . . , 0*028 

„  „       trae  molars 0*013 

Greatest  width  of  nasals  (anteriorly)    0*0052 

Vertical  diameter  of  orbit 0*0 1 26 

Length  of  diastema    0002 

Mandible.'-JLxireme  length 0*044 

„       height 0*027 

Length  of  dental  series 0*033 

„         last  six  teeth 00248 

Height  at  pm.  2 0*0066 

„         m.  8  0*083 

Length  of  diastema    0*0021 

From  the  foregoing  comparisons  it  is  quite  evident  that  the  cranium 
mentioned  above  is  specifically  distinct  from  C.  FilhoH ;  and  it  cannot 
be  identified  with  Mouillactherinm  (from  which  it  is  distinguished 
by  the  two  structural  characters  noted  in  the  case  of  C,  FilhoH) ;  or  with 
the  so-called  C.  Courtoin,  pr  0.  eoHotarsum.  It  differs  from  all  the  seven 
species  of  Canotherium  recognized  by  Dr.  Filhol  from  the  Cournon, 
St.  G^rand-le-Puy,  and  Quercy  beds;  but  its  resemblance  to  C. 
commmie  is  sufficiently  close  to  suggest  the  question  whether  it 
might  not  be  the  male  form  of  that  species.  Against  this  view 
there  is,  in  the  first  place,  the  circumstance  that  the  palate  is  shorter 
than  in  C.  commune ;  and  in  the  second  place,  that  among  the  very 
numerous  crania  of  that  species  from  Coumon  none  present  the 
characters  of  the  present  form ;  but  are  all  (where  the  teeth  are 
fully  developed)  characterized  by  the  total  absence  of  a  diastema  in 
both  jaws. 

The  case  of  the  two  varieties  of  C.  gracile  noticed  above  indicates, 
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however,  the  need  of  caution  in  founding  new  species  merely  on  the 
presence  or  absence  of  a  diastema.  Under  these  circumstances  it 
appears  desirable  to  await  additional  specimens  before  deciding 
whether  the  present  specimens  should  be  regarded  as  a  new  species, 
or  merely  as  a  well-marked  variety.  The  name  Bravardi,  either  as 
a  speci6c,  or  a  varietal  one,  may  eventually  be  appropriately  applied 
to  this  form. 

Anthbacothebium  Gbesslyi  (H.  v.  Meyer). 
From  the  Headon  beds  of  Hordwell, 

In  the  year  1846,  the  late  Hermann  von  Meyer  (Neues  Jahrbuch, 
p.  471)  briefly  described  some  mammalian  teeth  from  the  siderolithes 
of  Egerking^n,  Canton  Solothurn,  Switzerland,  under  the  name  of 
Tapinodon  Gresslyi.  In  1862  Professor  Riitimeyer  (Denkschr.  schw.. 
nat  Ges.,  vol.  xix.  art.  8,  p.  70,  pi.  v.  figs.  64-67),  described  and' 
figured  the  three  associated  upper  true  molars,  and  the  second  and 
third  lower  true  molars,  of  a  small  mammal  from  the  same  deposits, 
which  he  identified  with  Meyer's  Tapinodon  Gresshji,  but  referred  to 
■the  genus  Hyopotamus,  under  the  name  of  H,  Qresshji  (M^^r.). 

Among  the  collection  made  by  the  late  Marchioness  of  Hastings 
from  the  Headon  beds  of  Hordwell,  Hampshire,  and  now  in  the 
British  Museum,  there  is  the  cranium  (No.  29,851),  and  a  mandible 
(No.  29,713),  probably  belonging  to  the  same  individul,  and  certainly 
to  the  same  species,  of  a  small  mammal,  the  teeth  of  which  agree 
precisely  with  those  figured  by  Riitimeyer  under  the  name  of 
Hyopotamus  Gresslyi,  The  Hordwell  specimens  may,  therefore,  be 
referred  to  that  species. 


Fio.  5.  Jnthraeotherium  Orestlt/i  (Meyer).  The  left  half  of  the  palate  and  the 
upper  cheek-dentition ;  from  the  upper  Eocene  of  Hordwell.   (B.M.  Iso.  29,851.)  {, 

The  Hordwell  cranium  has  been  so  much  crushed  and  broken 
that  it  has  not  been  deemed  desirable  to  give  a  figure  of  its  upper 
surface;  but  the  left  side  of  the  inferior  surface  and  the  cheek- 
dentition  are  figured  in  the  accompanying  woodcut  (Fig.  5).  The 
cheek-series  comprises  six  approximated  teeth,  and  one  tooth  (P°^  1) 
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separated  bj  a  long  diastema  from  the  rest.    The  six  approximated 
teeth  are  the  last  three  premolars,  and  the  three  molars ;  the  latter 
being  in  a  partially  worn  condition,  which  indicates  the  fnlly  adult 
coodition  of  the  specimen.     The  dentition  is  essentially  brachydont, 
and  it  will  suffice  to  say  that  the  last  six  teeth  agree  precisely  in 
form  with  those  of  typical  species  of  Anthracotherium,  and  are  in 
fact  miniatures  of  those  of  some  of  the  larger  species  of  that  genus/ 
The  true  molars  differ  in  toto  from  those  of  typical  species  of  Hyopo- 
iamuSf  like  H.  hovtnus ;  although  they  approach  those  of  some  of  the 
aberrant  species  like  H,  porcinua.^    The  second  premolar  (pm.  2)  has 
a  compressed  simple  crown ;    pm-  3  has  a  triangular  crown ;    and 
pg>'  4  has  a  distinct  inner  and  outer  column,     lliese  teeth  are  pre- 
cisely like  those  of  Anthracoiherium,  and  diflfer  slightly  from  those  of 
the  typical  forms  of  Hyopotamus,^    The  isolated  tooth  (P'tt-  1)  has 
\k  compressed  conical  crown,  and  is  inserted  by  two  distinct  fangs, 
whence  it  may  be  regarded  as  the  first  premolar ;  from  its  relation 
to  the  nasals  it  was  probably  situated  but  a  short  distance  behind  the 
canine.     In  the  larger  species  of  Anthracotherium,  the  first  premolar 
is  either  in  contact  with  P^^  2,*  or  is  separated  by  a  comparatively 
small  interval,^  but  the  complete  dental  series  of  some  of  the  smaller 
forms  like  A,  brevicepa^  is  not  known.     In  the  typical  species  of 
Syopotamus''  there  is  a  long  diastema  between  pg>-  1  and  P5L?» 
but  there  is  a  still  longer  one  between  the  former  and  the  canine.    In 
Choeropotamua  paristensis^  there  is  a  long  diastema  between  P"^-  ^ 
and  pia.  2  ;   although  this    is  proportionately  smaller  than  in  the 
present  specimen,  and  the  first  premolar  is  relatively  larger.     The 
true  molars  of  Chceropotamus  are,  however,  readily  distinguished  by 
their  more  bunodont  structure  from  the  decidedly  selenodont  teeth 
of  the  present  form.     The  crushed  condition  of  the  cranium  admits 
of  but  little  accurate  observation.     As  in  the  Anthracotheritda  in 
general,  there  is  no  tympanic  bulla;    the  orbits  are  well  defined, 
although  incomplete  posteriorly ;  there  is  a  strong  sagittal  crest ;  and 
the  nasals  are  relatively  long.     The  occiput  is  like  that  of  ^nthra- 
cotherium  and  Byopotamus.    The  anterior   border  of  the  postenor 
nares  is  situated  a  considerable  distance  behind   m.  8;  which  is  a 
character  found  in  Anthraeotherium  dalmaiinum,^  and  not  in  any  of 
the  typical  species  of  Syopotamus.^^ 

The  lower  jaw  shows  both  rami  of  the  mandible,  which  have 
however  been  disassociated.     The  right  ramus  and  the  dentition  are 

^  Compare  Anthraeotherium  iUyricum,  Teller,  Beitr.  Pal.  Oest.  Ungar.  vol.  iv. 
pt.  i.  pi.  xi. 

»   \  ide  Mt-pra,  vol.  i.  i).  647  (1884). 

'  Vide  Filhol,  Ann.  Sci.  Gteol.,  yoI.  xii.  pis.  xr-xix. 

•  A,  illyrieuntf  Teller,  op,  eit. 

•  A,  alxatieum.     Vide  Filhol,  Ann.  Sci.  Geol.  vol.  riii.  pi.  viii.  (1877). 

•  Vide  Bottger  "  Palaeontographica,"  vol.  xxiv.  pt.  6,  pp.  163-173. 
'  Vide  Filhol,  Ann.  Sci.  QM.  vol.  xii.  pis.  XT-xii. 

•  Genrais,  Zool.  et  Pal.  Fran^ses,  2nd  ed.  pi.  xxxii.  fi^.  1. 

•  Teller,  op.  eit  pi.  xiv.  Prof.  Teller  refers  this  species  to  a  separate  genos— 
Frominatherium  ;  but  the  present  writer  prefers  to  continue  to  refer  it  to  Authra* 
cotherium. 

10  FUhol,  U>€.  eit. 
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represented  in  the  ^accompanying  woodcut  (Fig.  6).  This  ramus  is 
complete,  with  the  exception  of  the  symphysis.  In  general  form  it 
resembles  the  mandible  of  ffi/opotamus,^  and  6f  certain  species  of 
Anthracotherium,  e.g.  A.  hippaideum,  Riitimeyer.'  There  are  six 
cheek-teeth  in  apposition,  in  advance  of  which  there  is  a  long 
diastema,  and  then  the  broken  base  of  a  tooth  which  is  doubtless 
the  canine.  The  three  true  molars  correspond  exactly  with  the 
Egerkingen  teeth  figured  by  Professor  Rutimeyer,  and  are  of  a 
brachydoDt  type,  with  an  imperfect  selenodont  structure,  and  having 
a  small  tubercle  at  the  entrance  to  the  external  valleys.  The  general 
structure  of  these  teeth  is  very  similar  to  that  found  in  Anthraco- 
therium  hippoidenm,  and  they  are  more  brachydont  than  in  typical 
species  of  Hyopotamus,  The  fourth  premolar  has  fore-and-aft  Ulons, 
with  a  large  inner  cusp ;  the  latter  being  found  of  smaller  size  in 
some  species  of  Hyopotamus  and  Anthracotherium.  The  third  and 
second  premolars  have  compressed  conical  crowns,  with  very  minute 
talons ;  and  are  each  inserted  by  two  roots.  There  is  no  ti-ace  of 
the  first  premolar. 


Fio.  6.    Jnthraeotherium  Oresalt/i  (Meyer).     The  right  ramus  of  the  mandible, 
and  the  lower  dentitaon.     (B.M.  No.  29713.)    i. 

In  the  described  species  of  Anthracotherium  (e.g.  A.  hippotdeum) 
the  first  premolar  is  usually  situated  in  the  middle  of  a  short 
diastema  occurring  between  pm.  2  and  the  canine;  and  in  Hyopo- 
tamus, pm.  1  is  frequently  situated  very  close  to  the  canine,  and  falls 
out  at  an  early  penod  of  life.  The  lower  jaw  under  consideration 
evidently  belongs  to  a  specialized  form,  whose  molar  teeth  agree 
with  those  of  Anthracotherium,  and  the  brachydont  species  of 
Hyopotamus  (e.g.  H.  porcinus), 

1  Ibid.  pi.  ixi. 

'  Denkschr.  schw.  nat.  G^.  toI.  xt.  art.  8,  pi.  i.  (1857). 
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The  following  table  shows  the  chief  dimensions  of  the-speoimen. 

Cranium, — Height  from  lower  border  of  foramen  magnum  to  sammit 

of  occiput 0*034 

Length  from  lower  border  of  foramen  magnum  to  pm.  1.  0*117 

Length  of  space  occupied  bj  last  six  cheek-teeth    0*047 

„  „  3  true  molars 0*0266 

,,    diastema  between  pm,  1  and  pm.  2 0*0205 

„    m.  3    0^096 

Width,,      „  0012 

MandibU,— Extreme  length    0*114 

,,      hei^t  at  coronoid  process    0*0-52 

Depth  at  m.  3  0*017 

„        pm.  2    0*015 

Length  of  space  occupied  by  six  cheek-teeth    0-052 

,,  „  ,,  3  true  molars     0*030 

„        m.  1 00086 

„        m.2 0*0087 

„        m.3 0*013 

Width       „     0*008 

The  foregoing  comparisons  indicate  pretty  conclusively  that  the 
Hordwell  fonsil  as  regards  dental  characters  comes  nearor  to  AnthrO' 
cotherium  than  to  Hyopoiamus,^  and  although  the  differences  from 
typical  forms  of  the  first-named  genus  would  doubtless  be  regarde<l 
by  some  paleontologists  as  of  generic  value,  the  writer  being 
strongly  opposed  to  the  multiplication  of  genera  is  inclined  to  refer 
it  to  that  genus,  and  it  may  accordingly  be  known  as  A.  Qreaslyi 
(Meyer). 

A.  Gresslyi  must  be  regarded  as  a  highly  specialized  species  of 
Anthracotherium,  be»\ring  the  same  relation  to  typical  species  of  the 
genus,  as  the  so-called  genera  Plesiomeryx  and  Xipltodantherium  re- 
spectively do  to  the  genera  Camotherium  and  Xiphodon,  in  which  the 
writer  is  disposed  to  include  them. 

The  addition  of  this  species  to  the  English  Upper  Eocene  fauna  is 
important,  as  it  affords  another  instance  of  the  intimate  relations 
existing  between  the  English  and  Continental  Tertiary  faunas.  It 
also  leads  to  the  conclusion  that  the  Egerkingen  beds  are  closely  related 
in  time  to  the  Headon  series  of  Hordwell.  The  former  beds  are 
classed  by  Dr.  Max  Schlosser  *  immeiUntely  above  the  Paris  Gypsum  ; 
while  Professor  Gaudry '  places  a  part  of  them  below  the  Calcaire 
Grossier. 

The  reference  of  the  present  species  to  Anthrncothertum  instead  of 
to  HyopotamuSy  renders  it  necessary  that  Tapinodon  should  for  the 
future  be  regarded  as  a  synonym  of  the  former,  instead  of  the  latter 
genus. 

Ch^eromrrtx  8ILISTREN8I8  (Pcntlaud). 
From  the  Siwaiiks  of  India, 

In  the  Palieontologia  Indica  (sen  10,  vol.  ii.  pp.  149 166)  the  writer 

'  The  circumstance  that  Anthraentherium  and  Hynpotamus  pass  into  one  another 
(see  Gbol.  Mao  1884,  Decade  III.  Vol.  I.  p.  548)  does  not  affect  the  present  species, 
as  its  upper  molars  are  of  the  t^ical  Anthracotkerium  tjrpe. 

'  Palffiontographica,  vol.  xxxi.  p.  96  (1884).  The  writer  has  recently  found  that 
Adapin  m'tgnn,  Filhol,  of  the  Upper  Eocene  of  the  Continent,  occurs  at  Hordwell. 

'  Lee  Enchainemenis,  etc.,  Mam.  Tert.  p,  4. 
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bas  shown  that  the  name  Charomeryx  silistrensis  should  he  applied  to 
the  Bpeciinen  from  the  Garo  Hills  figured  by  Falooner  and  Cautley, 
under  the  name  of  Anthracothenum  sUistrense,  in  the  "  Fauna  Antiqua 
Sivalensis  "  (pi.  Ixviii.  figs.  22. 22a).  At  the  time  of  writing  that  notice 
no  trace  of  the  specimen,  which  consists  of  a  fragment  of  the  right 
maxilla,^  could  be  found ;  and  judging  from  the  figure,  and  a  cast 
(which  now  appears  very  inexact),  he  was  under  the  impression  that 
it  contained  three  teeth  which  were  considered  as  the  true  niolars. 
The  original  specimen  has  recently  been  found  in  the  British 
Museum  (No.  19040) ;  and  it  really  contains  only  two  teeth,  which 
are  respectively  the  third  and  fourth  milk-molars.  A  comparison  of 
the  fourth  milk-molar  of  this  specimen  with  an  upper  true  molar 
from  Sind  which  is  figured  in  the  "  Palaaontologia  Indica  "  {op,  dt, 
pi.  xxiii.  fig.  11),  under  the  name  of  Sivameryx  aindienata,  shows  that 
the  two  are  certainly  generically,  and  very  probably  specifically  the 
same ;  the  slight  differences  between  the  two  being  not  improbably 
merely  due  to  difference  of  serial  position.  The  figure  in  the  F.  A.  S. 
does  not  exhibit  very  clearly  some  of  the  characteristic  features  of 
the  Garo  Hills  specimen ;  and  from  this,  coupled  with  the  reference 
of  the  teeth  of  this  specimen  to  the  permanent  instead  of  the  milk- 
series,  the  two  specimens  were  referred  to  distinct  genera. 

It  follows  from  the  above  that  the  genus  Sivameryx  must  be 
abolished.  Chm-omeryx  has  been  previously  placed  in  the  neighbour- 
hood of  MerycopotamiiSf  but  a  recent  comparison  with  specimens  in 
the  British  Museum  renders  it  probable  that  its  affinities  are  rather 
with  Dichodon. 

The  occurrence  of  Charomeryx  and  Anthracotherium  ailistreme  in 
Sind  and  the  Garo  Hills  renders  it  probable  that  at  least  a  part  of 
the  Siwaliks  of  the  latter  district  correspond  to  the  lower  division 
of  that  series. 


IV. — Note  on  the  Posidonomta  Bbchbri  Beds  of  Budlb 
(Northumberland),  with  Esmarks  on  the  Distribution  of 
THE  Speoiss. 

By  G.  A.  Lebour,  M.A.,  F.G.S., 

Professor  of  Geology  in  the  Durham  College  of  Science,  Newcastle-upon-Tyne. 

BUDLE  BAY,  on  the  coast  of  Northumberland,  between  Holy 
Island  and  Bamburgh,  is  the  estuary  of  the  little  river  Waren. 
The  rocks  of  the  country  belong  to  the  Bemician  Series  or,  in  other 
words,  to  the  alternating  grits,  limestones,  shales,  and  coals  which 
in  northernmost  England  represent  the  Carboniferous  Limestone 
Series.  The  northern  shore  of  the  Bay  is  a  broad  expanse  of  sand 
stretching  as  far  as  Fenham  Flats  and  Holy  Island,  but  the  southern 
is  rocky  though  not  lofty.  The  Great  Whin  Sill  (the  well-known 
intrusive  sheet  of  Basalt')  is  present  here,  and  the  lute  Mr.  G.  Tate 
of  Alnwick  has  more  than  once  described  it  as  it  occurs  here,  asso« 
dated  with  the  beds  which  form  the  subject  of  this  note.     In  lb72 


^  The  figure  in  the  F.  A.  S.  is  reversed. 

«  Or  Diubate,  as  Mr.  Teall  tells  me  I  bad  better  now  call  it 
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he  wrote :  **  At  Budle  the  basalt  is  nearly  oonnected  with  an  indu- 
rated, jointed,  red  shale  (containing  Poaidonomya  Becheri,  etc.), 
which  overlies  a  limestone  ;  for  the  basalt  is  in  the  hill  a  little  above 
the  schist,  and  on  the  sea-shore  to  the  east ;  so  that  the  jointed  and 
indurated  condition  of  the  schist  is  probably  due  to  the  action  of  the 
Basalt." ' 

As  early  as  1853,  however,  Mr.  Tate  had  called  attention  to  the 
occurrence  of  the  fossil  in  question.  In  his  Presidential  Address  to 
the  Berwickshire  Club  on  the  7th  of  September  of  that  year,  he 
alluded  to  the  "Budle  schists  .  .  .  filled  with  rare  and  beautiful 
remains  of  fossil  plants  and  animals  belonging  to  the  Carboniferous 
era."'  In  a  similar  address  delivered  in  1864,  by  Mr.  Wm.  Steven- 
son of  Dunse,  the  then  President  of  the  Club,  is  the  following 
passage,  which  I  believe  was  at  least  inspired  by  Mr.  Tate  :  "  Pro- 
ceeding onwards  to  Budle  Bay,  the  well-known  Posidonia  shales 
were  examined  with  much  interest.  These  shales  of  a  reddish 
brown  colour,  abounding  in  the  shells  of  the  fragile  Posidonia,  asso- 
ciated with  the  remains  of  a  few  land  plants,  have  evidently  been 
deposited  in  the  still  brackish  waters  of  an  ancient  lagoon  or  estuary, 
little  disturbed  by  tidal  action."  * 

The  above  quotations,  which,  considering  the  scarcity  of  the  back 
Tolumes  of  the  Berwickshire  Transactions,  I  make  no  excuse  for 
giving  in  full,  comprise  about  all  that  can  be  said  in  the  way  of 
description  as  to  the  Budle  Shales.  They  are  red,  rather  hard,  and 
much  jointed  ;  they  contain  numerous  plant  remains  in  the  form  of 
drifted  narrow  ribbon-shaped  leaves,  showing  little  or  no  structure, 
and  not  easy  to  determine ;  but  the  most  interesting  fossil  is  un- 
doubt-edly  the  Posidonomya,  which  gives  its  name  to  the  beds  in 
which  it  occurs.  The  specimens  are  abundant ;  but,  owing  to  the 
way  in  which  the  shale  breaks  up,  it  is  somewhat  difficult  to  obtain 
good  specimens.  With  this  shell  are  species  of  lAngtda,  Spiri/er, 
ChoneteSt  Orthia  and  Euomphalus;  L.  mytiloides,  Sp.  bisulcatm,  0. 
MicheUni,  En.  pentangtdatus  being  the  commonest  Other  fossils 
occur;  among  them  I  have  found  a  BeUerophon,  a  Philltpaia  (tail 
only)  and  some  Polyzoa,  whilst  one  Oonntitea  {0,  atrattiSf  Goldf.)  is 
recorded  by  Mr.  Tate ;  but  with  the  exception  of  a  FenesteUa,  these 
are  all  rare.  Corals  and  Crinoids  are  conspicuous  by  their  absence, 
and  after  many  searches,  I  have  never  seen  but  one  specimen  of  the 
otherwise  ubiquitous  genus  Produetua,  and  that  was  Pr.  fimhricUuSf 
by  no  means  a  common  Northumbrian  form. 

Mr.  Tate  placed  the  horizon  of  these  shales  rather  low  down  in 
his  *'  Calcareous  Group  "  of  the  Carboniferous  Limestone  Series  of 
Northumberland,  between  the  two  beds  of  limestone  known  locally 
as  the  Stone  Close  or  /Yre -Fard  and  the  Hohherlaw  or  Four 'Yard 

»  See  G.  Tate  on  "  The  Basaltic  Rocks  of  Northumberland,"  Berwickshire  Natu- 
ralists* Transactions,  1872,  p.  200. 

*  Berwickshire  Transactions,  vol.  iii.  1867. 

'  Berwickshire  Transactions,  vol.  v.  p.  104.  See  also  BaVer  and  Tate's  "  New 
Flora  of  Northumberland  and  Durham/'  1868,  p.  10 ;  and  Tate's  *'  History  of 
Alnwick,"  vol.  IL  1869,  pp.  454,  455,  and  457. 
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limestone.  This  is  a  point  of  much  difficulty,  owing  to  the  faulted 
condition  of  the  series  in  the  Hamburgh  and  Budle  district,  and  more 
especially  to  the  presence  of  that  disturbing  element  the  Great  Whin 
Sill,  which  there  runs  in  and  out  among  the  sedimentary  deposits  in 
a  very  bewildering  manner.  In  1878,  I  hazarded  the  following 
statement  on  the  subject : — "  The  interesting  fossil  Poaidonotnya 
Becheri  occurs  at  Budle  and  in  the  neighbourhood  of  Alnwick,  and 
appears  to  be  confined  to  the  Upper  Bernioian  Series.  Its  exact 
horizon  is  doubtful."  ^  I  am  not  in  a  position  to  add  anything  to 
this  statement ;  but  the  exact  horizon  is  certainly  within  the  limits  of 
the  Bemician,  probably  in  its  upper  portion,  and  will  be  known  as 
soon  as  the  results  of  my  friend  Mr.  W.  Gunn's  work  on  the 
Government  Geological  Survey  of  the  district  are  published.  At  any 
rate  the  beds  under  discussion  are  some  thousands  of  feet  above  the 
Tuedian. 

Hie  other  localities  in  the  North  for  Posidonomya  Becheri  are  the 
Oawledge  Bom  near  Alnwick,  where  it  was  found  by  Mr.  Tate ;  a 
small  quarry  near  Denwiok  (also  in  the  neighbourhood  of  Alnwick) 
where  Mr.  Topley,  I  believe,  first  saw  it,  and  where  I  have  myself 
gathered  it ;  and  lastly  at  Lowick,  where  the  late  Rev.  Mr.  Jenkinsoa 
collected  it.     All  these  localities  are  in  the  Upper  Bemician. 

The  range  of  Posidonomya  Becheri  is  a  subject  of  great  interest. 
Wherever  the  Carboniferous  Limestone  series  puts  on  a  shaly  facies, 
there  it  seems  to  be  present  Many  years  ago  I  had  the  pleasure  of 
seeing  specimens  of  that  and  another  species  of  the  same  genus  from 
the  shales  of  Lower  Carboniferous  age  of  Western  Scotland  in  the 
collections  of  Messrs.  James  Thomson  and  Armstrong  in  Glasgow. 
Then  come  the  Northumbrian  Bemician  shales,  and  next  the  Devon- 
shire Culm  shales  with  Posidonomya  as  described  by  Dr.  Woodward 
and  Mr.  J.  E.  Lee,  to  the  latter  of  whom  I  am  indebted  for  beautiful 
specimens  in  a  shale  wonderfully  similar  in  aspect  to  that  of  Budle. 
On  the  Continent  wherever  the  Bergkalk  gives  place  to  the  Kulm — 
in  other  words,  wherever  the  Lower  Carboniferous  sea  was  shallow 
and  had  a  muddy  instead  of  a  limy  bottom,  there  Posidonomya  Becheri 
invariably  appears,  as  Dr.  Ferd.  Roemer  and  others  have  so  well 
shown.  I  have  lying  before  me  a  little  collection  of  Posidonomya 
from  Silesia,  Nassau,  and  Portugal  due  chiefly  to  Dr.  Roemer's  kind- 
ness and  including  a  beautiful  specimen  quite  recently  brought  from 
the  slaty  beds  in  Southern  Spain  in  which  the  great  Rio  Tinto  mines 
are  situated,  and  presented  to  this  College  by  Mr.  David  Tyzack.  All 
these  specimens,  altogether  from  some  fifty  places  representing  a  vast 
extent  of  country,  are  absolutely  indistinguishable  except  as  to  the 
degree  of  alteration  which  the  shales  containing  them  have  undergone; 
and  the  occasional  fossils  of  other  kinds  which  are  visible  on  the  slabs 
are  likewise  very  similar,  the  presence  of  long  ribbon-like  leaves  of 
plants  being  remarkably  general. 

It  is  perhaps  not  possible  to  dogmatize  yet  as  to  the  limits  of  the 
vertical  range  of  Posidonomya  Becheri.    I  have  paid  a  good  deal  of 

•    *  Lebour'B  "  Outlines  of  the  Geology  of  Northumberland,"  (1878),  p.  68. 
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attention  to  the  subject,  and  cannot  find  any  limits  (taking  all  Europe 
into  consideration)  to  its  range  within  the  Lower  Carboniferous  rocks. 
In  England,  however,  it  has  never  yet  been  recorded  from  beds  of 
Tuedian  age,  nor,  taking  into  account  the  nature  of  the  Tuediaa 
deposits,  is  it  very  likely  that  it  may  eVer  be  found  in  them. 


V. — On  thk  Ogourbenoe  of  a   Mineral  Allied  to  Enstatitb 

IN   THE   AnOIENT   LaVAS    OF   EyOOTT    HiLL,   CUMBERLAND. 

By  Professor  T.  G.  Bonkbt,  D.Sc.  LL.D.,  F.R.S.,  Pres.  G.S. 

THIS  interesting  series  of  ancient  volcanic  rocks  is  described  by 
the  late  Mr.  Clifton  Ward  in  a  paper  on  the  Microscopic  Struc- 
ture of  Ancient  and  Modern  Volcanic  Hocks,  read  before  the 
Geological  Society,*  in  a  Memoir  of  the  Geological  Survey  on  the 
Lake  District,  and,  in  greater  detail,  in  a  communication  to  the  Royal 
Microscopical  Society.'  All  these  are  illustrated  by  figures  (in  no 
case  very  good)  and  some  chemical  analyses  are  given  in  the  last- 
named  paper.  I  went  to  the  hill  in  the  autumn  of  1874  and 
collected  a  few  specimens,  but  my  visit  was  cut  short  by  heavy  rain. 
A  few  weeks  since  Mr.  J.  Postlethwaite  of  Keswick,  to  whose  kind- 
ness I  have  been  more  than  once  indebted  for  additions  to  my 
collection,  forwarded  to  me  three  specimens  from  Eycott  Hill, 
thinking  that  I  might  not  have  any  rocks  therefrom,  and  called  my 
attention  to  the  peculiar  reddish  tint  of  the  felspar  in  one  of  them, 
which,  as  he  remarked,  "  resembled  the  colour  of  a  garnet."  These 
were  varieties  of  the  well-known  porphyritio  lava  of  Eyoott  Hill, 
which  is  described  by  Mr.  Ward  as  the  second  lava  bed  in  ascending 
order,  and  as  being  above  100  feet  thick.  This  specimen  was 
obtained  from  a  boulder  on  the  hill.  On  examining  it  and  com- 
paring it  with  my  own  (at  which  I  had  not  looked  for  some  years), 
I  was  struck  with  the  appearance  of  the  ground-mass,  which  seemed 
to  me  unusually  compact  and  more  like  that  of  an  augite-andesite, 
than  of  a  dolerite  or  diabase,  as  the  rock  is  named  by  Mr.  Ward.  I 
had  a  slide  prepared  by  Mr.  Cuttell  from  Mr.  Postlethwaite's 
specimen,  in  which  I  first  discovered  the  mineral  which  is  described 
in  this  note,  and  have  since  had  some  more  cut  from  my  own  speci- 
mens from  Eycott  and  others  subsequently  sent  by  him,  and  (for 
comparison)  from  the  lavas  of  Falcon  Crag  near  Derwentwater. 

The  Eycott  rock  is  described  by  Mr.  Ward  as  having  "  a  compact 
greenish-blue  base,  containing  dark  green  spots  of  a  soft  mineral  and 
large  porphyritically  imbedded  felspar  crystals,  many  of  them  an 

inch  long The  top  of  this  lava  is  beautifully  vesicular  in 

parts,  the  vesicles  being  drawn  out  along  the  line  of  flow  and  filled 
with  chlorite,  chalcedony,  and  calcite."  The  •*  dark  green  spots  "  I 
may  add  generally  do  not  exceed  '1  inch  in  diameter,  and  I  should 
be  disposed  to  call  the  base  a  dark  "  slate  "  colour,  commonly  with  a 
greenish  tinge  (slightly  purplish  in  Mr.  Postlethwaite's  specimen), 
rather  than  a  "greenish-blue";  the  felspar  crystals  are  in  the 
normal  specimens  a  greyish  olive-green. 

*  Q-J.G.S.  vol.  xxjd.  p.  406.  «  Monthly  Micros©.  Journal,  1877,  p.  239. 
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The  felspar  crystftls,  with  the  above  described  greenish  spots,  and 
some  grains  of  iron  oxide,  belong  to  an  earlier  stage  of  consolidation, 
on  possibly  one  should  say,  of  crystal-building.  As  Mr.  Ward  points 
oat,  they  cannot  have  been  separated  out  of  the  mass  when  it  flowed 
as  a  lava.  I  have  little  to  add  to  his  careful  description,  except  that 
I  believe  these  felspars  to  be  labradorite,  and  doubt  the  possibility 
of  any  of  them  being  orthoclase.  In  Mr.  Postlethwaite's  specimen 
a  few  scales  of  iron-glance  ^re  scattered  about  in  the  felspar  crystals, 
but  not  in  such  numbers  as  one  would  expect  from  their  ruddy  tint 
before  being  sliced.  The  soft  dark  spots  are  regarded  by  Mr.  Ward 
as  pseudomorphs  in  many  cases  after  augite,  and  some,  he  says, 
"seem  to  be  after  olivine,  presenting  the  form  and  much-fissured 
appearance  of  that  mineral.  I  have  detected  grains  of  olivine  in  an 
unaltered  oondition  in  some  of  these  lavas,  and  therefore  think  there 
can  be  no  doubt  that  both  it  and  augite  were  common  constituents 
at  one  time,  though  both  have  been  eo  much  replaced  by  pseudo^ 
morphous  minerals  through  subsequent  alteration."  It  is  of  course 
quite  possible  that  my  lamented  friend  may  have  detected  olivine 
in  some  of  the  upper  lavas,  which  I  have  not  examined ;  but  I  think 
he  has  erred  in  his  reference  of  these  dark  green  spots  either  to  augite 
or  olivine,  as  will  be  seen  from  the  following  description.  But  I  do 
not  in  the  least  doubt  the  presence  of  moderate-sized  crystals  of 
augite,  which  however  seems  to  be  always  in  fair  if  not  good  pre- 
servation, in  addition  to  that  which  occurs  in  the  ground-mass. 

llie  mineral  of  which  we  speak  is  obviously  a  magnesian  silicate, 
which  has  generally  been  converted,  since  the  consolidation  of  the 
rock,  into  a  kind  of  serpentine.  In  form  it  is  usually  a  rather 
irregular  oblong,  about  twice  as  long  as  it  is  broad,  with  a  slightly 
worn  or  corroded  aspect  at  its  edges ;  and  it  is  very  commonly 
bordered  by  clustered  opacite,  as  is  frequent  with  hornblende  and 
mica  in  an  andesite.  Hence  the  external  crystalline  form  is  generally 
not  well  defined.  There  is  one  well-marked  cleavage  parallel  with 
the  longer  sides  of  the  grain,  with,  I  think,  an  indication  of  a  second, 
which  makes  a  large,  if  not  a  right  angle  with  the  other,  and  possibly 
a  third ;  but  these  are  often  only  suggested  by  the  presence  of  rather 
irregular  cracks,  so  that  it  is  not  possible  to  be  certain  about  them. 
Indications  of  a  fibrous  structure,  parallel  with  the  dominant  cleavage, 
may  also  be  observed.  With  transmitted  light  the  usual  colour  is 
a  pale  sap-green,  but  sometimes  the  inner,  sometimes  the  outer  part 
of  the  crysttJ  is  slightly  browner.  The  mineral  has  evidently  under- 
gone alteration,  but  in  one  crystal  a  portion  remains  apparently 
unchanged,  and  this  is  of  a  pale  greenish  straw  "colour.  All  exhibit 
a  fairly  well-marked  dichroism.  When  the  principal  cleavage  lines 
are  parallel  with  the  vibration  plane  of  the  lower  Niool,  the  tint  is  a 
mle  sap-green;  when  perpendicular,  it  is  a  pale  yellowish-green. 
With  crossed  Nicols,  extinction  takes  place  when  the  dominant 
cleavage  lines  are  parallel  with  either  vibration  plane ;  when  they 
jire-ftt^n  angle  of  45°  with  these,  the  colour  in  the  unaltered  part  is 
a  straw-yellow,  the  tints  in  the  altered  parts  being  paler,  and  such 
as  are  usual  with  serpentinpua  minerals.     I  notioe  that  the  browner 
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and  greener  parts  mentioned  above  do  not  eztingiiisb  simultaneously. 
The  mineral  contains  a  few  scales  of  iron-glauoe  and  some  light 
brown  granular  endomorpbs,  which  occur  also  in  the  ground-mass  ^ 
but  is  generally  rather  free  from  inclusions.  Obviously  we  have 
here  a  magnesian  silicate  containing  some  iron,  which  i^  more  or  less 
converted  into  a  kind  of  serpentine.  Clearly  it  is  not  olivine,  neither 
is  it  normal  bastite.  It  does  not  correspond  with  hypersthene, 
especially  with  the  small  crystals  of  that  mineral  which  have  of  late 
been  noticed  in  so  many  andesites.  Its  general  aspect  agrees  with 
that  of  some  of  the  more  or  less  altered  enstatites  and  bronzites 
with  which  I  am  familiar  from  my  studies  of  serpentines,  and  it 
reminds  me  also  of  the  representations  given  of  altered  enstatite  and 
of  so-called  bastite  by  Fouque  and  Levy  {Miner algie  Microscop.  Bochea 
Eruptites  Frangaises,  plates  xxvii.^  liii.,  and  liv.) 

The  ground-mass,  in  which  the  above-described  minerals  are 
embedded,  consists  of  lath-like  crystallites  of  plagioclase  felspar,  of 
grains  and  imperfectly  developed  little  crystals  of  augite,  and  of 
crystals  and  granules  of  iron-oxide,  which  probably  is  mostly  hematite. 
There  are  occasional  scales  of  ii-on-glance.  These  are  thickly  set 
in  a  brown  glass-like  base.  This  when  examined  with  objectives  of 
fairly  high  power — say  from  J  to  -^  of  an  inch — becomes  paler  and 
greyer  in  colour,  and  is  found  to  be  crowded  with  dark  granules  and 
blackish  belonites,  which  are  sometimes  slightly  curved.  These 
occasionally  seem  to  interlace  so  as  to  form  a  kind  of  network. 
Similar  microliths,  but  with  a  brush-like  grouping,  are  figured  by 
Bosenbusch  in  a  hydrotachylite '  (Microscop.  Physiograph.  vol.  i. 
plate  iii.).  These  belonites  occur  in  the  slide  prepared  from  Mr, 
Postlethwaite's  specimen  ;  in  that  from  a  specimen  collected  by  my- 
self they  are,  if  not  absent,  exceedingly  rare.  The  general  character, 
however,  of  the  ground-mass  of  the  latter  corresponds  with  that  of 
the  former.  So  far  as  I  can  ascertain,  the  base  is  still  a  true  glass, 
and  has  not  undergone  devitrification. 

After  I  had  informed  Mr.  Postlethwaite  of  the  result  of  my 
examination  of  his  fii*st  specimen,  he  again  visited  Eycott  Hill,  for- 
warding to  me  fresh  fragments  of  the  redder  variety  broken  from  the 
rock  in  situ,  and  then  a  block,  also  obtained  in  situ,  which  exhibited 
a  passage  from  that  variety  to  the  normal  rock.  I  have  had  a  slide 
cut  from  the  extreme  parts  of  this,  for  the  transition  from  the  one 
tint  to  the  other  is  too  gradual  to  ofier  anything  like  a  junction. 
The  two  slides  when  examined  under  the  microscope  are  almost 
identical,  the  only  difiference  being  that  in  the  redder  variety  small 
scales  of  burnt-sienna  coloured  iron-glance  are  more  numerous,  and 
in  its  ground-mass  the  dark  belonites  are  more  frequent  than  in  the 
normal  rock.  Also  I  think  that  the  base  of  the  former,  when  viewed 
with  a  low  power,  is  a  shade  browner  than  that  of  the  latter.  The 
description  given  above  serves  as  a  whole  for  these  slides  also.    Each, 

^  Tbey  are  not  isotropic.  Probably  they  are  alteration  products,  possibly  ferruginous. 
They  often  occur  in  somewhat  altered  igneous  rocks. 

'  Similar  needles  are  figured  by  Prof.  Judd  and  Mr.  Cole  in  their  admirable  paper 
<ni  the  Basalt  Glass  of  the  Western  Isles  of  Scotland,  Q.J.Q.S.  toL  tttit.  p.  444. 
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I  may  remark,  contains  some  sections  of  the  supposed  altered 
enstatite.  Many  of  these  exhibit  one  well-marked  and  fairly  frequent 
cleavage,  with  two  others  much  less  perfectly  developed  ;  one  being 
very  nearly  at  right  angles  to,  and  the  other  making  an  angle  of  about 
26°  or  27°  with  the  first.  Thus  these  two  include  between  them  an 
angle  not  far  from  G0°,  but  where  the  principal  cleavage  is  not 
visible  in  the  slice,  then  the  irregular  cracks  appear  to  meet  much 
more  nearly  at  right  angles.  The  slide  from  the  normal  rock  contains 
five  or  six  crystalline  grains,  roughly  clustered  together.  Not  one 
has  quite  escaped  change,  but  in  several  we  see  a  rather  broad  fibrous- 
looking  border  of  a  pale  green  colour,  which  gives  uniform  and  clear 
tints  with  the  crossed  Nicols,  while  the  interior  is  confusedly  fibrous 
in  structure  and  in  large  part  dark,  besides  being  a  rather  stronger 
green  colour  with  ordinary  light.  Here  and  there  we  have  a  grain 
which  is  not  much  more  altered  than  the  one  already  described. 

Above  the  porphyritic  lava  just  described  comes  a  series  of  lavas 
noticed  in  Mr.  Ward's  paper.  I  possess  a  specimen  from  the  lowest 
of  these  (I  believe  that  numbered  6  in  his  section).  It  is  porphyritic^ 
but  the  felspar  crystals  are  much  smaller  than  in  the  other  rock,  not 
generally  exceeding  a  quarter  of  an  inch  in  the  longer  diameter. 
These  under  the  microscope  appear  to  be  more  broken  and  corroded 
than  they  are  in  the  rock  below.  The  altered  "  enstatite  "  is  also 
present  in  about  the  same  quantity,  but  it  too  has  a  slightly  more 
cornxled  aspect  and  is  more  thickly  black-bordered  than  in  the  other. 
The  ground-mass  is  of  the  same  general  character,  but  the  crystallites 
are  smaller,  and  the  base,  which  with  a  low  power  is  darker,  seems 
to  be  of  a  green  hue,  and  more  crowded  with  microlitlis.  The  dark 
border  of  the  enstatite  also  seems  to  be  resolved  into  minute  granules 
of  a  partly  translucent  mineral,  probably  augite,  mingled  with  ferrite. 

In  the  lowest  of  the  lavas  at  Falcon  Crag  I  find  a  little  of  what  I 
believe  to  be  the  altered  enstatite,  though  it  is  much  more  irregular 
in  form,  more  interrupted  by  inclusions,  and  altogether  less  well 
characterized  than  at  Eycott  Hill,  so  that  I  should  hardly  have 
ventured  on  identifying  it  from  these  slides.  In  this  lava  there  is 
also  a  fair  quantity  of  well-preserved  and  characteristic  augite 
(diameter  commonly  about  *03  to  Oo  inch).  I  do  not  detect  the 
enstatite  in  either  of  the  slides  from  the  next  two  lava-flows. 

I  think  then  there  can  be  no  doubt  that  the  Kycott  Hill  lavas 
contain  a  variety  of  enstatite.  It  might  be  possible,  but  it  would 
be-  difficult,  to  isolate  a  sufficient  quantity  for  chemical  analysis,  but 
to  my  mind  the  evidence  as  to  its  nature  is  already  sufficiently  clear, 
and  the  only  point  on  which  we  require  enlightenment  is  whether 
enstatite  or  bronzite  would  be  the  better  name.  The  settlement  of 
this  point  I  willingly  leave  to  any  one  who  thinks  it  worth  the  time 
and  labour,  for  I  feel  confident  that  the  mineral  is  a  bisilicate  of 
magnesia  with  some  iron. 

From  the  aspect  of  the  ground-mass  of  the  Eycott  Hill  rock,  and 
the  presence  of  the  bisilicate,  enstatite,  instead  of  the  unisilicate, 
olivine,  I  should  not  have  been  surprised  if  it  had  proved  to  be 
chemically  more  nearly  related  to  the  Falcon  Crag  lavas  than  to  those 
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which  succeed  it  at  Eycott  Hill.  Analyses  of  the  latter,  quoted  by 
Mr.  Ward  in  the  paper  mentioned  above,  show  the  nilica  percentages 
of  three  of  them  to  be  respectively  63-3,  52'6  and  61-1.  The  Falcon 
Crag  rocks  are  shown  by  Mr.  Ward  (though  he  coined  for  them  the 
unhappy  term  feUidolertte)  to  be  in  reality  andesites,  which  micro- 
scopically and  chemically  *  present  only  such  differences  from  the 
modern  representatives  of  that  group  as  we  should  naturally  expect 
in  rocks  of  such  great  antiquity.  By  the  kindness  of  Prof.  A.  W. 
Williamson,  the  silica  percentage  of  the  red  variety  of  the  Eycott 
Hill  rock  has  been  determined  for  me  by  Mr.  T.  Cooksey  in  the 
laboratory  of  University  CJollege.  He  finds  it  to  be  63*06  (one 
determination  giving  63-40  another  62*73)'  with  a  specific  gravity  of 
2-754.  ITie  rock  must  therefore  remain  among  the  basalts  (the 
glassy  condition  of  its  base  renders  the  name  dolerite  inappropriate). 
It  belongs,  however,  to  the  side  of  the  basalt  group  which  is  the 
richer  in  silica,  and  is  nearly  represented  among  modern  rocks  by 
some  of  the  basalts  of  the  Inner  Hebrides  in  Prof.  Judd's  collection. 
It  also  resembles  in  certain  respecta  some  of  the  magma  basalts 
described  by  Boricky  (Petrographische  Studien  an  den  Basaltgestetnen 
Bdhmena).  The  amount  of  alteration  may  justify  us  in  naming  it 
now  an  enstatite-diabase,  but  I  feel  no  doubt  that  it  was  originally 
a  true  basalt  rich  in  glass,  containing  a  variety  of  enstatite. 


la  E  "V"  I  E  -W  S- 


Db.  Fritsoh's  Pbrmian  Amphibians  op  Bohemia. 

DE.  ANTON  FRITSCH  has  now  made  such  progress  with  his 
Monograph  on  the  Fauna  of  the  Bohemian  Permian  rocks 
that  we  are  able  to  recognize  it  as  one  of  the  most  important  and 
one  of  the  ablest  of  modern  contributions  to  Palaeontology.  For 
excellence  of  description  it  has  not  been  surpassed  ;  while  from  the 
minute  dimensions  of  most  of  the  Amphibian  remains,  care  has  been 
required  in  deciphering  osteological  characters,  which  has  resulted  in 
a  perfection  of  osteological  labour.  Specimens  offering  fewer  diffi- 
culties might  not  perhaps  have  been  studied  with  the  same  complete- 
ness. Professor  Fritsch  has  shown  that  he  is  a  learned  comparative 
anatomist,  whose  wealth  of  knowledge  has  enabled  him  to  enrich 
his  pages  with  the  fruits  of  many  and  varied  studies,  and  to  success- 
fully interpret  remains  which  are  often  obscure. 

The  third  part  of  the  work  contains  descriptions  of  UrocordyluB 
8calari8,  Keraterpeton  crassiimy  Zimnerpelon  modesiumy  L.  laiicepSf 
Z.  macrolepisj  L.  elegans,  Z,  obtusatum  Z,  dubium,  Z.  difficile,  and  a 
note  on  Z,  caducum.  Like  the  foregoing  part  it  consists  of  32  quarto 
pages  of  text,  well  illustrated  by  many  excellent  figures  printed  with 
the  text ;  and  by  1 2  coloured  plates. 

The  memoir  begins  with  some  account  of  the  family  Nectridea, 

*  Two  analyses  of  lavas  from  the  Keswick  district  g:iven  in  the  Survey  Memoir 
give  silica  percentages  of  60*718  and  69-611  respectively. 

'  He  also  writes,  **  The  rock  contains  a  small  amount  of  calcium,  less  magnesium, 
but  mainly  iron,  aluminium  and  silica. '' 
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wLioh  are  long-tailed  lizard-like  animals,  usually  with  elongated 
epiotio  horns,  and  tail  vertebraB  devoid  of  ribs,  but  with  the  upper 
and  lower  spinous  processes  expanded  in  fan-like  form.  The  genus 
Uroeordybis,  which  was  established  by  Huxley  and  Wright,  has  the 
head  triangular,  blunt  in  front,  and  truncated  behind,  with  the  cranial 
bones  covered  with  round  pits,  which  suggest  those  on  the  skulls  of 
crocodiles.  The  strong  tail  includes  about  80  vertebrse.  ITie  strong 
ribs  are  double-headed,  and  about  three  times  as  long  as  the  vertebraa. 


Fio.  I. — Restoration  of  Uroeordylut  scaiaris  (Fritsch). 
The  thin  shield-shaped  thoracic  plate  is  expanded  in  front.     The 
lateral  thoracic  plates  are  broad  and  spoon-shaped.     The  abdominal 
scales  are  smooth  and  elliptical.     The  feet  are  five- toed  ;  the  hinder 
limbs  are   longest.     The  Urocordylus  scaiaris  of  Fritsch  is  distin* 

DICADB  III. — ^yOL.   n. — NO.   u.  6 
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guiahed  from  the  U,  Wandesfordii  of  Hnxlej  by  having  broader 
spinous  processes  to  the  caudal  vertebrse,  but  the  distinction  is  not  of 
a  striking  kind ;  and  the  remains  are  imperfectly  preserved.  The 
restoration  is  founded  partly  upon  the  Bohemian  fragments,  partly 
upon  Irish  specimens.  The  head  is  one-fourth  of  the  length  of  the 
body,  and  the  body  is  about  one-half  the  length  of  the  tail.  From 
the  proportions  of  the  body  and  limbs,  the  animal  is  presumed 
to  have  been  essentially  aquatic,  and  from  the  well-developed 
abdominal  armour  is  inferred  to  have  crawled  along  the  bottom. 
There  are  no  indications  of  scutes  on  the  upper  side  of  the  body  or 
on  the  tail.  The  abdominal  armour  consists  of  more  than  100  rows 
of  soniewhate  elongated  scutes,  which  vary  in  size  and  form.  They 
commence  behind  the  thoracic  plate,  and  are  arranged  in  oblique 
series  of  three  or  four  on  each  side  of  the  median  line,  overlapping 
on  the  inner  side. 

The  form  of  the  skull  is  more  elongated  than  in  Keraterpeton. 
The  eyes  were  small,  in  the  anterior  half  of  the  head,  and  separated 
from  each  other  by  three  times  the  diameter  of  the  orbits.  There 
are  eleven  teeth  on  the  palatine  bone,  llie  number  of  presacral 
vertebras  is  unknown,  but  is  estimated  at  27  as  compared  with  20 
in  JJrocordyluB  Wandesfordii,  The  vertebraa  are  strong  and  well 
ossified,    and    terminate   in  fan-shaped    neural   spines,   which   are 


Fig.  II.— Tail  Vkrtbbrjb  enlarged  six  times. 

<f,  dorsal  process ;  r,  ventral  process ;  p,  pre-zygapophysis ;  ehy  notochord ; 
e,  body  of  vertebra ;  n,  neural  canal. 

serrated  like  a  cock's  comb.  The  specimens  figured  are  from 
the  first  third  of  the  tail,  and  show  the  dorsal  and  ventral  processes. 
These  caudal  vertebras  are  compressed  from  side  to  side.  Their 
number  is  unknown,  but  supposed  to  be  about  80,  as  in  the  Irish 


Digitized  by 


Google 


Reviews — Dr.  Fntsch's  Permian  Amphibia  of  Bohemia,     8Ji 

gpecies.  The  ribs  are  hollow.  In  the  anterior  extremity  only  the 
small  humerus  has  been  reco^^ized.  The  hind  limbs  were  twice  as 
strong  as  the  fore  limbs.     There  are  no  traces  of  gill  arches. 


Fig.  III. — Rbstoration  op  Keraterpeton  crawum  (Fritsch) ;  IJ  times  natural  size. 
A  short  account  is  given  of  the  genus  Keraterpeton^  based  upon 
Huxley's  memoir,  and  then  follows  a  description  of  the  species 
K,  erasBum  (Fr.).  This  is  the  only  Bohemian  species.  It  has  the 
orbit  of  the  eye  small  and  placed  well  forward,  and  has  a  head 
smaller  in  proportion  to  the  body  than  in  the  British  species.  It 
is  known  from  three  complete  specimens  and  fragments  of  thirty 
others.  The  animal  was  much  smaller  than  Urocordylus,  but  of  a 
stronger  build.  The  head  has  a  wide  frog-like  form,  with  the 
characteristic  epiotic  spines  (see  Fig.  8).    The  body  is  five  times  as 
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long  as  the  head,  and  the  tail  more  than  twice  as  long  as  the  body* 
The  h'mbs  have  a  development  which  suggests  locomotion  by  walking, 
and  the  small  height  of  the  processes  of  the  caudal  vertebra  would 
indicate  a  comparatively  bad  swimmer.  The  skeleton  is  completely 
ossified,  even  the  carpus  and  tarsus  being  here  preserved.  No  in- 
dication of  the  skin  is  preserved,  but  there'  is  a  shield  of  strong 
armour  which  covers  two-thirds  of  the  width  of  the  abdominal 
surface,  and  extends  between  the  thoracic  plates  ^nd  the  pelvis. 
This  shield  consists  of  more  than  forty  rows  of  lon^  rhomboid 
plates,  directed  obliquely  backward  from  the  median  line,  and 
has  about  eight  keeled  plates  in  each  row.  Each  plate  has  four  cir- 
cular pits  on  its  inner  edge,  which  resemble  the  pits  on  the 
cranial  bones.  In  the  skull  deep  depressions  in  front  of  the  nasal 
bones  indicate  the  nares.  The  circular  pits  on  the  skull  are  absent 
from  the  ^nner  part  of  the  frontal  bone.  The  premaxillary  teeth, 
five  on  each  side,  are  pointed,  and  constricted  towards  the  base  90 
as  to  have  a  spoon-shaped  contour.  There  are  about  eleven  or 
twelve  teeth  Jn  the  maxillary  bone  in  one  row.  As  the  number 
of  teeth  indicates  a  small  gape  to  the  mouth,  Professor  Fritsch  infers 
that  Keraterpeton  fed  upon  the  small  Crustacea  and  Myriapods  which 
occur  in  the  Bohemian  coal.  The  epiotic  horn,  which  is  attached  to 
the  square  epiotic  bone,  is  wedge-shaped,  and  four  times  as  long 
as  the  base  is  wide.  Its  length  is  half  the  length  of  the  skull.  Its 
under  surface  is  furrowed.  The  orbit  contains  a  circle  of  about 
twelve  or  fourteen  sclerotic  plates.  No  new  light  is  thrown  on  the 
gills  or  hyoid  arch ;  and  it  is  probable,  from  the  absence  of  gills, 
that  they  were  lost  early  in  life. 

The  number  of  the  pre-saoral  vertebras  is  uncertain,  but  is  believed 
to  be  about  23 ;  they  are  similar  in  size  and  shape,  and  all  carry  ribs. 
The  centrum  is  constricted  in  the  middle.  There  are  40  caudal 
vertebrsB.  As  in  Urocordylua,  there  are  no  interspaces  between  the 
dorsal  and  ventral  processes  of  these  vertebrae.  There  are  no  caudal 
ribs. 

The  middle  thoracic  plate  is  triangular,  with  a  T-shaped  elevated 
mass  upon  it  like  the  interclavicle  of  Ichthyosaurus  in  form,  with 
circular  pits  in  the  bone  on  each  side  of  the  median  bar  of  the  T* 
The  lateral  thoracic  plate  is  formed  of  an  oval  shield  with  a  short 
round  curved  stalk.     It  is  pitted  oioi  the  outer  edge. 

llie  fore-limb  i^sh^MBhan  ^  the  Branchiosauridm.  The 
humerus  has  the  u^^Ko^^wt^^  ^^  the  middle,  is  widest  at  the 
distal  end,  and  haaHi  eleMJ^^ridge  on  the  upper  end.  The  bones 
of  the  fore-arm  are^EUj^PS  length  of  the  humerus.  The  number 
of  carpal  bones  is  uncrown.  The  metacarpal  bones  and  phalanges 
are  short,  so  that  the  hand  is  shorter  than  the  fore-arm.  The 
terminal  phalanges  are  blunt  and  conical.  The  hinder  extremity 
is  stronger,  with  digits  which  are  relatively  quite  as  short.  The 
number  of  bones  in  the  several  digits  is  I,  2,  8,  2,  I. 

The  neid  family  is  named  Limnerpetida9.  It  is  a  group  of  Amphi- 
bians witlf  broad  frog-like  head  and  long  salamander-like  body ;  and 
is  armour^  with  sculptured  scutes.     The  first  species,  Limnerpeion 
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modestum  (Fritsch),  is  known  from  a  lower  jaw  in  which  the  bone 
18  sculptured  and  the  short  conical  teeth  are  of  uniform  size,  which 
is  2^  times  as  long  as  wide.  The  second  species,  Limnerpeion 
lattceps  (Fritsch),  is  160  mm.  long,  but  badly  preserved.  It  had  the 
form  of  an  Axolotl,  and  has  been  restored  from  a  specimen  found 
at  Tremosna.  There  is  no  indication  of  the  skin.  Scale  armour 
was  developed  on  the  ventral  surface  between  the  pectoral  and 
pelvic  regions,  where  there  are  54  rows  of  short  wide  scutes,  each 
row  consisting  of  about  8  scutes.  The  scales  .were  4^  times  as  wide 
us  long;  they  are  marked  with  concentric  iines,  between  which 
there  are  rows  of  minute  punctures. 

The  skull  is  nearly  as  broad  as 
long,  rounded  in  front.  The  orbits 
are  large  and  nearly  circular.  There 
were  more  than  40  small  even- 
sized  teeth  in  the  upper  jaw,  each 
half  a  millimetre  in  diameter,  with 
with  a  large  pulp-cavity.  The 
epiotic  bone  is  small  and  extends 
h^ckwards  into  a  short  point.  The  •] 
squamosal  bone  is  not  divided  as 
in  Dawstmia  and  Melanerpeton. 
lliere  are  24  presacral  vertebras 
bearing  ribs.  In  the  tail  22  caudal 
vertebrje  can  be  counted,  but  there 
were  probably  30,  and  many  of 
these  vertebrsB  carry  short  ribs. 
The  vertebras  are  very  deeply 
biconcave.  Of  the  pectoral  girdle, 
the  only  element  known  is  the 
middle  thoracic  plate.  The  lateral 
thoracic  plate  or  coraooid  has  a 
Btalk-like  process.  The  anterior 
extremities  are  strong,  with  the 
humerus  nearly  twice  as  long  as 
the  fore-arm,  and  the  phalanges  are 
short  and  slender;  and  the  hind 
limb  is  similarly  characterized. 

The  third  species  Limnerpeton 
macrolepis  (Fr.),  is  characterized, 
by  quadrate  scutes,  one  and  a  half 
times  as    wide    as  high,    marked  „      ,11     J^' 

y.itb  longitudinal  stri»  and  hav-  ^''^■^l^^^r^^'"^'' 
mg  the    hinder    edge    thickened. 

There  are  about  twelve  teeth  in  the  premaxillary  bone,  distinguished 
by  having  their  points  furrowed.  There  are  about  forty  blunt- 
pointed  teeth  in  the  maxillary  bone.  There  are  more  than  forty 
teeth  in  the  lower  jaw.  The  form  of  the  vomer  is  complicated. 
The  middle  thoracic  plate  is  marked  with  radial  striping.  The 
vertebras  were  slightly  ossified  and  constructed  on  the  amphicoelous 
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Fio.  V. 


Fio.  VI. 


Fio.  VII. 


Fio.  V. — Reatoration  of  Limnerpeton  obtutalum  (Fritscb)  ;  natural  size. 
Fig.  VI.— Caudal  scute  from  the  taU  enlarged  45  times. 
Fio.  VII. —Scutes  from  the  middle  of  the  abdomtn,  Limnerpeton obtvtatum  (Fritach); 
enlarged  46  times. 
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plan.  The  ribs  are  short  with  both  ends  expanded.  The  fourth 
species  is  Limnerpeion  tlegans  (Fntsch).  It  has  small  oval  scutes 
marked  with  cancellate  marking  which  is  partly  concentric,  partly 
diagonal.  The  remains  are  scattered.  Tlie  skull-bones  are  com- 
paratively smooth.  They  jndicate  a  longer  and  smaller  skull  than 
that  of  the  last  species.  The  maxillary  bone  contains  23  teeth  and 
may  have  included  35  teeth.  The  teeth  are  less  regular  in  size  than 
in  other  species  of  this  genus.  The  shield  of  the  parasphenoid  bone 
is  thickly  toothed.  The  fifth  species  is  Limnerpeion  obtusatum 
(Fntsch).  The  scutes  on  the  abdomen  are  of  moderate  size  orna* 
mented  with  ribs  which  branch  at  intervals,  and  have  a  thickened 
hinder  edge.  The  scutes  of  the  upper  side  of  the  body  want  the 
thickened  edge. 

The  form  of  the  body  is  greatly  elongated,  and  the  head  is  re- 
markably short  and  wide.  The  body  is  six  times  as  long  as  the 
head,  and  the  tail  is  twice  as  long  as  the  head.  The  anterior  ex- 
tremity is  much  shorter  than  the  hinder  extremity.  The  abdominal 
armour  consists  of  about  100  rows  of  scutes ;  each  row  contains  six 
scutes  on  each  side  of  the  median  line.  Each  scute  is  twice  as  broad 
as  long.  The  skull  is  half  as  broad  again  as  long.  The  orbits  are 
in  the  anterior  third  of  the  skull,  and  are  nearly  double  their  diameter 
from  each  other.  The  teeth  are  small  and  smooth  with  pulp-cavities. 
The  nasal  bone  is  pitted.  The  epiotic  bone  is  quadrate  and  ends  in 
a  process  which  is  directed  backward.  The  sclerotic  circle  includes 
12  bones.  The  hyoid  in  so  far  as  it  is  preserved  resembles  that  of 
Keraierpeton,  There  are  about  37  presacral  vertebrsB,  and  about 
16  in  the  tail,  though  10  appear  to  be  wanting,  llie  notochord  was 
continuous.  The  caudal  vertebrsB  are  very  short  and  decrease 
rapidly  in  height.  The  dorsal  ribs  are  2\  times  as  long  as  the 
vertebrae,  and  have  the  capitulum  and  tuberculum  most  developed 
towards  the  neck.  In  the  hinder  extremity  the  phalanges  are 
remarkably  short 

Some  other  remains  are  described  under  the  names  Limnerpeion 
diibium,  known  only  from  a  lower  jaw  ;  L,  difficile,  known  from  a 
portion  of  a  skull  which  is  doubtfully  referred  to  the  genus ;  and  Z. 
caducum,  founded  upon  a  jaw  and  a  rib. 

Although  many  species  have  been  described,  it  is  impossible  not 
to  recognize  that  they  are  for  the  most  part  well  characterized. 
And  the  publication  of  electrotypes  of  these  perishable  specimens 
will  facilitate  a  comparison  between  some  of  the  Bohemian  species 
and  their  British  allies,  and  thus  demonstrate  the  nature  of  the 
afiSnity  between  them.  H.  G.  Skeley. 


Geolooioal  Rooibtt  of  London. 

I.— December  3,  1884  (Cbn^i »«€(£).— Prof.  T.  G.  Bonney,  D.So., 
LL.D.,  F.R.S.,  President,  in  the  Chair.  The  following  communica- 
tion was  read  : — 

3.  "  On  the  Lower  Eocene  Plant-beds  of  the  Basaltic  Formation 
of  Ulster."  .  By  J.  Starkie  Gardner,  Esq.,  F.G.S. 
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The  paper  commenced  with  a  brief  outline  of  the  physical  features 
of  the  basaltic  area  in  Ireland.  The  beds  whence  plants  have  beeu 
obtained  form  a  quadrilateral,  the  angles  of  which  are  Ballintoy» 
Glenarm,  Ballypalady,  and  Lou^h  Neagh.  The  Ballintoy  beds  are 
very  incompletely  explored,  and  have  so  far  yielded  few  species.  The 
Olenarm  beds  are  situated  in  a  disused  mine,  filled  with  water,  which 
was  drained  by  the  author.  The  plants  are  well  preserved  in  a 
matrix  of  white  sandy  clay.  The  Ballypalady  plants  are  less  perfectly 
impressed  in  a  matrix  of  ochreons  earth.  Many  of  the  plants  are 
common  to  both ;  but  Ballypalady  possesses  a  whole  group  of 
conifers,  including  a  cypress,  yew,  many  pines  and  firs,  not  met  with 
elsewhere;  while  Glenarm  is  richer  in  leafy  trees.  Among  the 
plants  in  common  are  two  which  still  exist,  Cryptomeria,  and  a 
peculiar  Pieris  with  reticulated  venation.  Among  extinct  plants  the 
presence  of  Macclintockta  especially  points  to  their  age  being  the 
same  as  the  Heerf;ian  flora  of  Oelinden  in  Belgium,  a  stage  very  low 
in  the  Eocene*  The  Lough  Neagh  beds  are  estimated  to  be  as  much 
as  500  feet  thick,  and  their  flora  shows  them  to  be  interbasaltic,  and 
therefore  Eocene  instead  of  Pliocene  as  hitherto  sometimes  supposed. 
The  great  extent  these  beds  formerly  held  is  shown  by  the  area  over 
which  silicified  wood  derived  from  them  lies  scattered.  The  basalts, 
here  as  elsewhere,  have  been  enormously  denuded ;  and  the  author 
believes  that  the  horizon  of  the  Mull  leaf-bed  is  not  anywhere 
present  in  Ireland.  The  Mull  bed  is  regarded  in  this  paper  as 
probably  of  the  same  age  as  the  Woolwich  and  Reading  series  of  the 
London  Basin ;  it  was  deposited  on  the  flat  banks  of  a  river,  liable  to 
inundation ;  while  the  Irish  beds,  are  fluviatile,  not  lacustrine,  with 
the  probable  exception  of  those  of  Lough  Neagh,  which  may  be 
lacustrine. 

II.— December  14,  1884.— W.  Carruthers,  Esq.,  F.R.S.,  Vice-Pre- 
sident,  in  the  chair. — The  following  communications  were  read  : 

1.  "  On  the  South-western  Extension  of  the  Clifton  Fault."  By 
l^rol  C.  Lloyd  Morgan,  F.G.S.,  Assoc.  R.S.M. 

This  fault  cuts  across  the  strata  out  of  which  the  Avon  gorge  has 
been  excavated,  a  little  north  of  the  Suspension  Bridge.  According 
to  the  author's  estimate,  the  throw  of  the  fault  is,  on  the  Gloucester- 
shire bank,  somewhat  less  than  1200  feet,  and  somewhat  more  than 
1100  feet  on  the  Somersetshire  bank.  The  difference  of  nearly  100 
feet  the  author  considered  to  be,  in  part  at  least,  due  to  the  dying-out 
of  the  fault  to  the  west.  Taking  as  a  datum -point  the  intersection  of 
the  line  of  fault  and  the  line  of  high- water  mark,  the  rocks  relatively 
shifted  downwards  are,  on  the  Gloucestershire  bank.  Mountain 
Limestone  730  feet,  Upper  Limestone  Shales  470  feet.  According  to 
this  estimate,  there  would  be  130  feet  of  Upper  Limestone  Sliales 
above  high -water  mark,  above  which  beds  of  Millstone  Grit  would 
be  brought  down.  This  accords  with  observed  facts.  On  the 
Somersetshire  bank  the  beds  brought  down  below  high-water  mark 
are  Mountain  Limestone  770  feet.  Upper  Limestone  Shales  330  feet. 
According  to  this  estimate,  there  would  be  270  feet  of  Upper  Lime- 
stone Shales  above  high- water  mark,  which  would  thus  leave  little 
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or  no  room  for  Millstone  Grit  to  be  brought  down  to  the  surface. 
Nor  has  the  author  suoceeded  in  finding  any  sign  of  this  rock  on  the 
Somersetshire  side. 

Owing  to  the  fact  that  softer  Upper  Limestone  Shales  are  brought 
down  by  the  fault,  its  westward  extension  may  be  traced  by  a  line 
of  depression  resulting  from  the  greater  erosion  of  these  softer  beds. 
In  the  map  which  the  author  exhibited,  a  triangular  wedge  of 
Upper  Limestone  Shales,  brought  down  by  the  fault,  had  its  apex 
near  Hill  Farm  (see  Survey  Map),  and  its  base  abutting  on  the 
Triassic  beds  south  of  Durdham  Down.  If  the  fault  do  not  tend  to 
die  out  westwards,  the  apex  of  this  triangle  must  be  placed  further 
S.W.,  for  which  there  is  no  evidence,  while  there  is  some  against  it. 
The  southern  side  of  the  triangle  marks  the  line  of  fault.  Further 
west  the  author  believed  that  evidence  exists  of  the  faulting-down 
of  a  wedge  of  Mountain  Limestone  into  the  Lower  Limestone  Shales. 

2.  **  On  the  Recent  Discovery  of  Pteraspidian  Fish  in  the  Upper 
Silurian  Rocks  of  North  America."  By  Prof.  E.  W.  Claypole,  B.  A., 
B.So.  London,  F.G.S. 

The  fossils  now  described  from  Pennsylvania  are  the  first  authentio 
remains  of  fishes  found  in  the  Silurian  rocks  of  America,  and  some 
of  them  are  the  oldest  undoubted  vertebrates  yet  disco vere<l.  Pre- 
viously fish  had  not  been  detected  in  America  below  the  Devonian 
Comiferous  Limestone  of  Ohio,  and  the  Lower  Devonian  of  Canada. 

The  most  important  finh-remains  hitherto  known  from  beds  of 
Silurian  age  are  from  the  bone-bed  of  the  Upper  Ludlow  rocks,  one 
specimen,  the  oldest  in  Europe  with  the  exception  of  Pander's 
doubtful  Conodonts,  having  been  recorded  from  the  Lower  Ludlow. 
The  fossils  now  described  are  closely  allied  to  the  two  Ludlow  types 
and  consist  of  the  spines  known  as  Onchus,  and  the  shields  referred 
to  Seaphaspis  and  belonging  to  the  peculiar  family  PteraspidsB. 

The  author  entered  into  a  detailed  comparison  of  the  English 
Silurian  Pteraspids  as  described  by  Professors  Huxley  and  Ray 
Lankester,  and  those  now  discovered  in  America.  He  described  the 
three  layers  of  which  the  shields  of  the  Pennsylvanian  Pteraspids 
are  composed,  and  proposed  for  their  reception  a  new  genus,  FdUg* 
aspis.  He  considers  the  Pteraspidse,  in  which  no  bony  structure 
has  been  detected,  a  distinct  family  from  the  Gephalaspidae,  which 
exhibit  that  structure. 

He  then  proceeded  to  correlate  the  American  beds  yielding  PatcB" 
aspis  with  the  Ludlow  beds  of  England.  The  American  fish  were 
chiefly  found  in  the  Bloomfield  Sandstone  at  the  top  of  the  middle 
division  or  variegated  shale  of  the  fifth  group  of  Rogers.  This 
fifth  group  of  the  Pennsylvanian  Survey  immediately  underlies  the 
Water-lime,  corresponding  to  the  English  Lower  Ludlow,  and  has 
been  shown  by  the  writer  to  represent  the  Onondaga  shale  of  New 
York.  The  position  of  the  latter  in  the  series  is  shown  by  the 
following  sections  taken  from  Prof.  James  Hall : — 

New  York.  Great  Britain. 

Lower  Helderberg^    Wanting. 

Water-lime   Lesraahago  beds. 

Onondaga'salt  gronp    Wantine. 

l^iagara  group  Wenlock  Limeetone. 
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The  last  two  were  considered  representative  by  Sir  R.  Murchison, 
and  this  view  has  never  been  disputed. 

It  therefore  appears  that  the  Pennsylvanian  Pteraspids  from  the 
Bloomfield  Sandstone  are  older  than  Scaphaapis  ludensis  of  the 
Lower  Ludlow  by  the  time  required  for  the  deposition  of  200  feet 
of  strata.  But  1000  feet  below  the  horizon  just  named  oomminnted 
fish-scales  are  found  in  beds  containing  Leperditia  alia ;  and  again, 
700  feet  lower,  in  the  iron  sandstone  near  the  middle  of  the  Clinton 
group,  which  corresponds  to  the  English  Upper  Llandovery  beds ; 
and  200  feet  below  the  Ore  Sand-rock,  broken  plates,  with  the 
superficial  striation  of  Falc^aspis  and  a  few  fine  spines  of  Onchns 
(described  as*  O.  Clint oni)  are  met  with.  The  horizon  is  well  defined, 
for  the  Ore  Sand-rock  contains  Beyrichia  lata,  Calymene  CUntoni, 
Ormoceraa  vertehratum,  and  other  characteristic  fossils.  The  iron 
sandstone  also  contains  white  pellets,  apparently  of  coprolitic  origin^ 
and  containing  32  per  cent  of  phosphate  of  lime. 

Previously  reported  discoveries  of  fish  in  American  Silurian  rocks 
were  discussed,  and  their  supposed  age  shown  to  be  erroneous.  The 
paper  concluded  with  the  descnption  of  two  species  of  PalcBOipia 
(P.  americana  and  P.  bitrwacaia),  of  Onchns  PennBylvanicus  from  the 
Bloom£eld  Sandstone,  Onondaga  group,  and  of  Onchiis  CUntoni  from 
the  Iron  Sandstone  of  the  Clinton  group. 

3.  "  On  some  West-Indian  Phosphate  Deposits."  By  George 
Hughes,  Esq.,  F.C.S.  (communicated  by  W.  T.  Blanford,  Esq., 
LL.D.,  F.R.S.,  Sec.  G.S.) 

Some  West-Indian  specimens  of  phosphates  were  exhibited,  in 
reference  to  which  the  author  called  attention  to  a  description  by 
Dana  of  an  instance  in  which  the  carbonate  of  lime  in  fi-agments 
of  coral  was  partially  converted  into  .phosphate,  and  also  to  the 
apparent  alteration  of  limestone  rock  into  phosphate  of  lime  in 
Barbuda  Island  by  the  action  of  water  draining  a  guano-like  deposit 
of  bats'  dung  in  a  cave.  A  specimen  of  the  phosphate  of  lime  thus 
produced  was  exhibited. 

In  Aruba  Island  the  process  of  conversion  of  coral-rock  into 
phosphate  of  lime  has  been  in  operation  on  so  extensive  a  scale  that 
the  deposit  is  being  largely  worked  for  shipment  The  alteration  ia 
probably  due  to  the  action  of  water  containing  soluble  phosphates 
derived  from  the  excrements  of  sea-biixis  (guano).  Of  this  guano 
no  trace  remains ;  but  the  fragments  of  coral  in  the  underlying  rock 
have  been  altered  into  a  substance  containing  78  to  80  per  cent, 
of  phosphate  of  lime ;  and  the  deposit  as  shipped,  contains  36*7  per 
cent,  of  phosphoric  acid,  equal  to  77*9  per  cent,  of  tribasic  phosphate. 

Reference  was  also  made  to  some  other  West-Indian  phosphate- 
deposits  formed  of  bones,  and  to  iron  and  alumina  phosphates 
found  in  Redouda,  Alta  Vela,  and  Testigos  Islands. 

4.  "Notes  on  species  of  Fhyllopora  and  Tluimniscua  from  the 
Lower  Silurian  Rocks,  near  Welshpool,  Wales."  By  George  Robert 
y\ne,  Esq.  (Communicated  by  Prof.  P.  Martin  Duncan,  F.R.S., 
F.G.S.) 

In  this  paper  a  species  of  Phyllopora  from  the.  Caradoc  beds  of 
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Wem-y-8Cftdog,  Llanfyllin,  was  described  as  P,  iumida,  and  a  Tltam' 
niacuB  from  the  Yoloanio  ash  of  Middkton  Hill,  near  Welshpool, 

Srobably  of  Bala  age,  as  T.  antiqwts,  both  from  a  ooliek)tion  sent  by 
[r.  J.  B.  Morgan,  of  Welshpool,  to  Prof.  Lapworth  for  identi- 
fication. A  list  of  the  species  of  Phylhporaj  hitherto  described  from 
Lower-Silurian  beds,  and  of  both  Upper  and  Lower  Silurian  forms 
of  Thamm$cu8y  was  added,  and  the  relations  of  the  various  known 
species  to  those  described  in  the  present  paper  were  discussed  at 
some  length. 


coE.ie,Es:po2>rx>E3^CE. 


FULLERS  EARTH  AND  WATER  SUPPLY. 

Sib,— At  Wobum,  Beds,  the  Fullers  earth  is  obtained  by  digging 
cylindrical  holes  or  wells,  as  they  are  there  called,  in  the  Greensand, 
tintil  this  marl  is  reached.  Sometimes  there  is  water,  oftener  not ; 
but  when  there  is,  it  is  the  finest  and  sweetest  in  the  country,  very 
clear,  never  failing,  but  not  very  abundant  So  good  is  it  that  those 
domestic  wells  deriving  their  supply  from  some  other  source  than 
the  Fullers  earth,  are  treated  to  it,  from  time  to  time  artificially,  by 
having  masses  of  it  placed  in  them.  The  cleansing  properties  of 
this  *  earth,'  as  applied  to  blankets,  eta,  is  universally  recognized, 
but  I  never  heard  before  of  its  being  used  for  cleansing  water 
supply.  I  understand,  however,  that  such  is  the  case,  the  Wobum 
earth  having  been  sent  into  a  neighbouring  county  for  that  purpose ; 
though  I  have  not  as  yet  been  able  to  obtain  corroboration  of  this, 
nor  to  find  out  whether  it  is  put  into  filter  beds  with  the  other 
material,  or  in  what  way  it  is  made  use  of.  A.  G.  Camebon. 

H.M.  Geological  Su&yst,  Bbdford. 


THE  PHENOMENA  OF  STRAINS,  Etc.,  OBSERVABLE  IN  OBSIDIAN. 

Sir, — In  the  August  number  of  the  Quarterly  Journal  of  the 
Geological  Society,  Mr.  F.  Rut  ley  describes  the  phenomena  of  strain 
in  the  glass  of  some  obsidians  around  embedded  crystals.  I  enclose 
a  photograph  of  similar  depolarizing  effects  in  a  slide,  cut  from  a 
specimen  of  Mexican  obsidian  given  to  me  some  years  ago  by  my 
friend  Mr.  J.  Backhouse  of  York,  among  a  number  of  pieces  several 
of  which  showed  the  phenomenon  in  question. 

It  is  rather  remarkable  that  in  the  same  slide  some  of  the  crystals 
exhibit  the  luminous  brushes  as  described  and  figured  in  the  article 
cited,  while  others  apparently  have  no  effect  upon  the  state  of  the 
glass.  This  is  the  case  round  both  the  crystals  of  felspar  of  various 
kinds,  and  the  black  specks,  mostly  rounded,  which  I  suppose  are 
magnetite. 

I  determined  that  the  glass  is  compressed  by  observing  the  effects 
produced  by  the  interposition  of  different  parts  of  a  strip  of  gla^ 
between  the  slide  and  the  objective  when  bent  by  the  pressure  of  the 
fingers  in  a  horizontal  plane.     By  this  means  it  was  possible  to  so 
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compensate  the  effect,  that  at  any  point  of  the  Inminoas  brushes 
darkness  could  be  restored  ;  and  this  was  found  to  he  the  case  when 
the  stretched  part  of  the  glass  strip  was  superposed.  On  the  other 
hand,  either  pair  of  the  quadrants  could  be  brightened  by  placing  the 
length  of  the  glass  corresponding  with  their  direction  and  bringing 
the  compressed  side  into  action.  The  effects  are  still  more  marked 
when  a  selenite  is  used,  but  disappear  entirely  on  inserting  a  quartz 
plate  until  the  analyser  is  somewhat  rotated. 

In  one  case  I  have  met  with  appearances  quite  the  reverse  of  those 
described  by  Rutley  in  the  case  of  perlitic  cracks.  One  of  these 
surrounds  a  crystal  to  the  extent  of  about  i,  and  within  this  the  field 
is  dark,  while  the  line  of  the  crack  is  fringed  with  light  due  to 
pressure  in  the  glass  surrounding  the  pearl.  Connected  with  this 
encircling  crack,  although,  owing  to  the  thickness  of  the  section,  the 
connection  is  not  very  definitely  traceable,  is  a  long  straight  crack  ex- 
tending both  ways  from  the  crystal.  At  the  extreme  points  of  this  the 
brushes  reappear,  and  when  the  crack  is  parallel  to  the  principal 
plane  of  either  of  the  Nicols  prisms,  they  are  quite  brilliant  We 
have  here  evidently  the  expression  of  the  rending  force  which 
at  this  point  was  not  able  actually  to  separate  the  particles  of  the 
glass,  but  only  to  produce  the  strain  which  results  in  depolarization. 

The  connection  which  Mr.  Rutley  suggests  between  strain  and 
crystallization  is,  I  think,  scarcely  available  here,  as  the  glass  in 
compressed,  and  the  phenomena  seem  to  me  rather  to  point  to  a 
higher  coefiSoient  of  expansion  by  heat  for  the  obsidian  glass  than 
for  felspar  and  magnetite  producing  in  the  former,  since  it  was  fitted,  so 
to  speak,  to  the  crystal  at  a  high  temperature,  a  strain  similar  to  that 
of  an  iron  tire  shrunk  on  the  woodwork  of  a  wheel.  If  any  data  of 
the  expansions  of  the  substances  involved  are  known  it  would  be  easy 
to  test  this,  but  I  do  not  know  where  to  find  any. 

BULMINOHAK.  ThOB.    H.    WaLLEB. 


POSIDONOMYA  BECHERI.* 
Sir, — I  have  just  seen  in  your  interesting  article  in  the  last  Num- 
ber of  the  Gkological  Maoazinb,  **  On  the  Discovery  of  Trilobites 
in  the  Culm  Shales  of  Devonshire,"  a  reference  (on  p.  640)  to  the 
occurrence  of  Posidonomya  Becheri  in  the  rocks  at  Budle,  Northum- 
berland. Please  allow  me  to  point  out  that  this  shell  was  found 
there  by  Sir  Roderick  Murchison  and  others,  many  years  ago  (see 
p.  291,  Siluria,  4th  edition),  and  the  late  Mr.  G.  Tate,  of  Alnwick, 
has  noticed  its  presence  here  along  with  many  well-known  Carbon- 
iferous limestone  fossils,  eg,  Orijfithides,  Bellerophon,  Unio,  Euompha^ 
lusy  Chonetes,  Hardrensis,  etc.  (Trans.  Ber.  Nat.  Club.  vol.  v.  p.  73, 
1863).  I  never  heard  till  now  that  any  one  regarded  these  beds  as 
"  Tuedian."  They  are  underlain  and  entirely  surrounded  by  beds 
of  the  ordinary  Carboniferous  Limestone  type,  and  there  is  no 
Tuedian  within  many  miles  of  them.  If  the  Posidonomya  Beclieri 
is  characteristic  of  genuine  Tuedian,  why  is  it  not  shown  to  occur 

*  See  antey  pp.  73-76. 
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nbandantly  iu  Northumberland  in  all  the  beds  which  everybody 
admits  to  be  Tuedian  or  Lower  Carboniferous?  Almost  all  the 
Carboniferous  Limestone  of  North  Northumberland  is  the  represen* 
tative  of  Phillips's  Yoredale  Series,  and  I  have  no  doubt  the  Budle 
Beds  are  much  nearer  to  the  top  than  the  bottom  of  the  Carboniferous 
Limestone  Series.  In  Ireland  the  Fondonomya  is  a  characteristic 
fossil  of  certain  black  shales  lying  above  the  Carboniferous  Lime* 
stone,  which  were  at  one  time  regarded  as  Coal-measures,  but  which 
are  probably  the  representatives  of  the  Yoredale  Beds  of  England 
(see  Jukes*s  Manual,  drd  edition,  pp.  591-2).  I  hope  soon  to  show 
that  the  Tuedian  Beds  and  the  Calciferous  Sandstone  of  Scotland 
represent  in  time  not  only  the  Lower  Limestone  Shale,  but  the 
greater  part  of  the  Carboniferous  Limestone  also. 

20,    CUMRBSLAND   StrBBT,  W*  GUNN* 

KDiMBuaoH,  Dec,  20,  1884. 


OBITTTJLJRIT. 


DR.    THOMAS    WRIGHT,    F.R.S.,    F.R.S.E.,    F.G.S.    . 

Dr.  Thomas  Wright  was  bom  in  Paisley,  Renfrewshire,  N.  B., 
*  November  9th,  1809.  He  was  educated  at  the  Paisley  Grammar 
School,  and  before  he  completed  its  curriculum,  was  articled  to  his 
brother-in-law,  a  surgeon  and  general  practitioner,  where  he  ac- 
quired an  elementary  knowledge  of  the  Natural  Sciences,  and  showed 
an  early  predilection  for  biological  studies. 

Before  the  expiration  of  his  articles  his  brother-in-law  removed  to 
a  practice  in  Ayrshire,  which  occasioned  an  interruption  to  his  course 
of  study,  and  temporarily  disarranged  his  purHuits.  After  a 
futile  attempt  to  enter  into  a  manufactory,  for  which  his  scientific 
tastes  rendered  him  quite  unfit,  he  rejoined  his  brother-in-law,  and 
having  completed  his  articles,  prepared  himself  for  entering  the 
medical  classes  of  the  University  of  Glasgow.  But  acting  upon  the 
advice  of  his  friends,  he  proceeded  to  Ireland,  and  enrolled  himself 
as  an  anatomical  student  in  the  Boyal  College  of  Surgeons,  Dublin, 
where  he  rapidly  acquired  an  extensive  knowledge  of  anatomy,  and 
became  an  accomplished  physiologist  and  pathologist.  Later  on  he 
was  induced  to  study  under  Messrs.  Kirby  and  Ellis,  and  soon  be- 
came their  Assistant- demonstrator.  On  leaving  Dublin  he  received 
the  highest  credentials  from  those  gentlemen,  and  was  offered  the 
post  of  Demonstrator  of  their  School,  with  the  promise  of  the  Chair 
of  Anatomy  and  Physiology  if  he  remained. 

During  the  preceding  winter,  however,  Dr.  Wright  had  suffered 
much  from  a  dissecting  wound  which  quite  unfitted  him  for  anato- 
mical work,  and  compelled  him  to  decline  the  ofifer  so  handsomely 
made  by  Mr.  Ellis.  On  recovering  his  health,  he  passed  the  College 
of  Surgeons,  London,  in  1832.  and  graduated  as  M.D.,  at  St  Andrew*s 
University  in  1846.  Soon  after  passing  the  College  he  settled  in 
Cheltenham,  where  his  life  has  since  been  spent  in  the  active  practice 
of  his  profession*  He  was  for  fifteen  years  Surgeon  to  the  Cheltenham 
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Dispensary,  for  upwards  of  twenty  years  Surgeon  to  the  General 
Hospital ;  and  for  many  years  President  of  the  Literary  and  Philo- 
sophical Association,  during  which  period  he  delivered,  in  different 
sessions,  courses  of  lectures  on  Comparative  Physiology,  Natural 
History,  and  Paiasontology. 

Dr.  Wright  strongly  advocated  the  teaching  of  Natural  Science  in 
colleges  and  schools,  and  was  always  ready  to  help  in  the  cause  of 
popular  education.  He  frequently  lectured  in  Bristol,  Bath,  Worcester, 
and  elsewhere,  on  scientific  subjects  which  he  made  his  life-long 
study.  During  the  early  days  of  his  professional  career  he  devoted 
much  time  to  microscopical  research,  but  his  eyesight  sufifering 
from  too  close  an  application  to  these  investigations,  he  turned 
his  attention  to  PalsBontology,  in  the  pursuit  of  which  the  Oolitio 
rocks  of  the  Cotteswold  Hills  around  Cheltenham  afford  such  rich 
materials.  He  made  in  his  leisure  hours  a  large  collection  of 
fossil  Echinoderms  from  these  and  other  Oolitic  formations,  and  read 
a  series  of  Memoirs  to  the  Cotteswold  Field  Club  on  the  minute 
anatomy  of  this  class,  which  appeared  in  the  Annals  and  Magazine 
of  Natural  History.  These  papers  attracted  the  attention  of 
Professor  Edward  Forbes,  F.R.S.,  who  spoke  in  high  terms  of 
their  merit,  and  proposed  to  Dr.  Wright  that  they  should  publish 
a  joint  Monograph  on  the  British  Fossil  Eohinodermata  for  the 
Pal  aeon  tographicai  Society.  It  was  finally  settled  that  Professor 
Forbes  should  describe  and  figure  the  British  Cretaoeous  and 
Tertiary  species,  and  that  Dr.  Wright  should  desci-ibe  and  figure  the 
Oolitic  forms.  But  that  accomplished  Naturalist  died,  just  when  he 
had  obtained  the  ambition  of  his  life,  the  chair  of  Natural  History  in 
the  University  of  Edinburgh,  and  before  he  had  done  anything  to  his 
portion  of  the  work  ;  so  that  on  the  completion  of  the  Monograph  on 
the  Oolitic  Echinidaa,  and  the  Monograph  on  Oolitic  Asteriadse  and 
Ophiuridas,  the  Council  of  the  Palceontographical  Society  requested 
Dr.  Wright  to  undertake  that  part  of  the  work  which  Edward 
Forbes  had  left  unfinished.  Dr.  Wright  commenced  (in  1660)  the 
description,  with  figures,  of  all  the  Cretaceous  species,  and  for  more 
than  twenty  years  he  devot«d  all  his  leisure  to  this  work,  which  is 
now  completed,  and  forms  a  large  volume  of  390  pages  quarto,  with 
87  magnificent  plates. 

In  1875  Dr.  Wright  commenced  another  extensive  Monograph 
on  the  ''  Lias  Ammonites  of  the  British  Isles."  He  had  been  collect- 
ing materials  for  this  work  during  his  long  residence  in  Cheltenham  ; 
and  had  succeeded  in  securing  a  rare  and  beautiful  series  of  these 
Cephalopods,  many  of  his  specimens  having  been  carefully  and  judici- 
ously selected  to  show  the  remarkable  morphological  changes 
through  which  Ammonites  pass  in  the  process  of  their  evolution. 
This  work,  happily  now  completed,  consists  of  480  pages  of  text 
and  90  plates.  His  palseontographical  labours  fill  four  large 
quarto  volumes,  and  comprise  242  plates,  accompanied  by  1568 
pages  of  descriptive  letterpress,  every  species  having  a  full  detailed 
description  given  of  the  form,  with  its  affinities  and  differences  from 
congeneric  species  carefully  pointed  out,  also  the  locality  from 
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whence  it  was  derived,  and  iU  stratigraphical  distribution  aocnrately 
defined,  both  in  English  and  Continental  rocks.  These  works  have 
occupied  all  his  leisure  hours  for  the  last  thirty  years.  Much  of  this 
time  was  devoted  to  the  collection  of  specimens,  the  examination  of 
private  cabinets  and  those  in  British  and  foreign  museums,  in  order 
to  compare  all  the  British  species  with  continental  forms,  and  thus 
to  bring  each  one  to  the  crucial  test  of  a  critical  and  personal 
examination.  He  made  many  journeys  to  the  Continent  to  visit  the 
grand  oolleotions  in  Paris,  Stuttgart,  and  Tubingen  in  Germany, 
and  those  in  the  Geneva  Museum,  and  in  that  of  Zurich,  Switzerland. 
The  accomplishment  of  this  self-imposed  task  has  been  the  pleasure 
and  delight  of  his  life.  For  these  works,  and  other  memoirs  on 
geology  published  in  the  Quarterly  Journal,  the  Council  of  theGeolo- 
^cal  Society  awarded  him  the  Wollaston  Medal  in  1878. 

Dr.  Wright  was  elected  a  Fellow  of  the  Royal  Society  of  Edinburgh 
in  1855,  a  Fellow  of  the  Geological  Society  in  1859,  and  a  Fellow  of 
the  Royal  Society  of  London  in  1879.  For  many  years  he  filled  the 
post  of  Medical  Officer  of  Health  for  Cheltenham,  Charlton  Kings, 
and  Leckhampton. 

Referring  to  the  sad  losses  which  our  science  sustained  at  the 
close  of  1884,  in  the  deaths  of  Mr.  Godwin-Austen ;  Dr.  Wright; 
Prof.  James  Buckman ;  Mr.  Alfred  Tylor;  and  Mr.  Searles  V. 
Wood ;  all  of  them  Fellows  of  the  Geological  Society,  Prof, 
Edward  Hull,  F.RS.,  writes:  — "Dr.  Wright  was  one  of  that 
small  band  of  local  geologists,  who,  like  Charles  Moore  of  Bath : 
Dr.  Lycett  of  Minchinhampton ;  G.  W.  Ormerod  of  Cheshire ;  and 
Edward  Binney  of  Manchester;  have  made  their  respective  habitats, 
to  use  a  scientific  term,  as  household  words  amongst  geologists,  and 
have  largely  contributed  to  the  general  advancement  of  our  know- 
ledge of  Natural  History." 

The  following  is  a  List  of  his  Geological  Papers  and  Mono* 
graphs : — 

A  Stratigraphical  Account  of  the  Sections  from  Round  Tower  Point  to  Alum  Bay, 

on  the  ^.W.  Coast  of  the  Isle  of  Wight.    Ann.  Mag.  Hist.  1851,  vol.  vii.  pp. 

14-27 ;  Cotswold  Club  Proc.  1863,  toI.  i.  pp.  87-100. 
On  the  atrombida  of  the  Oolites  (with  the  description  of  a  new  and  remarkable 

PtiToeerM,  by  John  Lycett].    Ann.  and  Mag.  Nat.  Hist.  vol.  vii.  pp.  306-310 ; 

Cotswold  Club  Proc.  18d3,  vol.  i.  pp.  115-119. 
A  Stratigraphical  Account  of  the  Sections  of  Hordwell.  Beacon,  and  Barton  Cliffs, 

on  the  Coast  of  Hampshire.    Ann.  and  Mag.  Nat.  Hist.  1851,  vol.  vii.  pp. 

433-446;  Cotswold  Club  Proc.  1853,  vol.  i.  pp.  120-133. 
On  the  VidaridtB  of  the  Oolites,  with  a  Description  of  some  New  Species  of  that 

Family.    Ann.  and  Mag.  Nat.  Hist.  1851,  vol.  viii.  pp.  241-280;  Cotswold 

Club  Proc.  1853,  vol.  i.  pp.  134-173. 
On  the  Ca$*idulida  of  the  Oolites,  with  Descriptions  of  some  New  Species  of  that 

Family.     Ann.  and  Mag.  Nat.   Hist.    1852,  vol  ix.  pp.  81-103,   206-214, 

294-316  ;  Cotswold  Club  Proc.  1853,  vol.  i.  pp.  174-226. 
Contributions  to  the  Palseontology  of  the  Isle  of  Wight.      Ann.  and  Mag.  Nat. 

Hist.  1852,  vol.  X.  pp.  87-93 ;    Cotswold  Club  Proc.  1853,  vol.  i.  pp.  229-234. 
Contributions  to  the  Palaeontology  of  Gloucestershire.    A  Description  of  some  New 

Species  of  Echinodermata  &om  the  Lias  and  Oolites.    Ann.  and  Mag.  Nat. 

Hist.  1854.  pp.  161-173,  312-324,  376-383;  Cotswold  Club  Proc.  1860,  vol. 

iL  pp.  17-48. 
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On  Fossil  EchiDoderms  from  the  Island  of  Malta,  with  Notes  on  the  Stra%raphical 

Distribution  of  the  Fossil  Organisms  in  the  Maltese  Beds.     Ann.  and  Mag. 

Nat  Hist.  1855,  vol.  xt.  pp.  101-127,  175-196, 262-277  ;  Cotswold  Club  Proc. 

1860,  vol.  ii.  pp.  124-127. 
On  a  New  Genus  of  Fossil  Cidarida^  with  a  Synopsis  of  the  Species  included  therein* 

Ann.  and  Mag.  Nat  Hist  1855,  vol.  xvi.  pp.  94-100. 
On  some  New  Species  of  Uemipedma  from  the  Oolites.      Ann.  and  Mag.  Nat.  Hist 

1865,  vol.  xvi.  pp.  196-199  ;  Cotswold  Club  Proc.  1860.  vol.  ii.  pp.  125-130. 
On  the  Occurrence  of  Upper  Lias  Ammonites  in  the  (so-called)  Basement-Beds  of  the 

Inferior  Oolite.     Brit.  Assoc.  Rept.  1856  (pt  2),  pp.  80-82. 
On  the  Stratigraphical  Distribution  of  tiie  Oolitic  Echinodermata.    Brit.  Assoc 

Rent  1856,  pp.  396-404. 
On  the  Palffiontological  and  Stratigraphical  Relations  of  the  so-called  *'  Sands  of  the 

Inferior  Oolite."     Quart.  Joum.  Geol.  Soc.  1856,  vol.  xii.  pp.  292-325. 
Notes  on  the  Fossils  collected  by  Mr.  Geikie  from  the  Lias  of  the  Isles  of  Pabba, 

Scalpa,  and  Skye.    Quart.  Joum.  Geol.  Soc.  1858.  pp.  24-36. 
On  the  Avieula  eontorta  Beds  and  Ix>wer  Lias  in  the  South  of  England.    Brit. 

Assoc.  Rept  1860  (pt  2),  p.  108;  Quart.  Joum.  Geol.  Soc.  1860,  voL  xvi. 

pp.  374-411. 
Remarks  on  the  "  Roadstones*'  of  Cleeve-Hill,    Cotswold  Club  Proc.  1860,  vol  ii. 

pp  184-187. 
On  the  Subdivisions  of  the  Inferior  Oolite  in  the  South  of  England,  compared  with 
.  the  equivalent  Beds  of  that  Formation  on  the  Yorkshire  poast.    Quart  Joum. 

Geol.  Soc.  1860,  vol.  xvi.  pp.  1-48. 
Geological  Expedition  to  Swift's  Hill  and  Rodborough  (1860).    Cotswold  Club  Proc. 

1865,  vol.  iii.  p.  21. 
The  Oolitic  Section  at  Leckhampton  (1860).    Cotswold  Club  Proc.  1865,  voL  iiL  pp. 

26-52. 
Report  on  Miss  Holland*s  Collection  of  Lias  Fossils  (1862).     Cotswold  Club  Proc. 

1865,  vol.  iii.  pp.  163-166. 
On  the  Ammonites  of  the  Lias  Formation.     Cotswold  Club  Proc.  1866,  vol.  iii.  pp. 

162-179,  236-246. 
On  the  Development  of  Ammonites.     Brit.  Assoc.  Rept.  1864  (Sect),  vol.  xxxiv. 

£p  73-74  ;  Geol.  Mao.  1865,  Vol.  II.  pp.  86-87. 
e  White  Lias  of  Dorsetshire.    Brit  Assoc.  Rept.  1864  (Sect),  voL  xxxiv.  p. 

76 ;  Geol.  Mao.  1864,  Vol.  I.  pp.  290-292. 
On  the  Fossil  Eehinida  of  Malta  (1863).    Quart  Joum.  Geol.  Soc.  1864,  voL  xx. 

pp.  474-489. 
Table  of  the  Stratigraphical  Distribution  of  the  Echinoderms  of  Malta  (1863). 

Quart.  Joum.  Geol.  Soc.  1864,  vol.  xx.  p.  490. 
Additional  Notes  on  Cleeve-Hill  Section  (1866).    Cotswold  Club  Proc.  1868,  vol.  iv. 

pp.  60-70. 
On  Coral  Reefs*  Present  and  Past     Cotswold  Club  Proc.  1868.  vol  iv.  pp.  97-173. 
Notes  on  a  New  Species  of  Startish  from  the  Ironstone  Beds  of  the  Inferior  Oolite 

of  Northamptonshire.    Quart.  Joum.  Geol.  Soc.  1870,  vol.  xxvi.  pp.  391-393. 
On  the  Geological  Features  of  the  Country  round  Ross.    Woolhope  Field  Club 

Trans.  1870,  pp.  45-60. 
On  the  Coralline  Formations  of  the  Oolitic  Rocks.    Woolhope  Field  Club  Trans. 

1870,  pp.  52-63. 
On  the  Correlation  of  the  Jurassic  Rocks,  in  the  Department  of  the  Cdte-d'Or, 

France,  with  the  Oolitic  Formations  in  the  Counties  of  Gloucester  and  Wilts, 

England  (1870).    Cotswold  Club  Proc.  1872,  vol.  v.  pp.  143-238  ;  Geol.  Mao. 

1870,  Vol.  VII.  pp.  668-671. 
On  a  Is'ew  Genus  of  Silurian  Atteriada,    Quart.  Joum.  Geol.  Soc.  1873,  vol.  xxix. 

p.  421. 

MoNoo&APHs  Published  bt  the  Paljeontooraphical  Society. 

Fossil  Oolitic  Echinodermata,  vols.  i.  and  ii,  1866-80,  66  plates,  pp.  698. 
Fossil  Cretaceous  Echinodermata,  vol.  i.  1864-82,  87  plates,  pp.  390. 
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I. — On  thb  Closk  of  thb  Hiohlakd  Contboyersy. 

By  Profeesor  Charles  Lapwobth,  LL.D.,  F.G.S. ; 
Mason  Science  College,  Birmingham. 

ALL  those  British  geologists  who  have  interested  themselYes  in 
the  long-Yexed  question  of  the  geological  position  and  trne 
mode  of  origin  of  the  Metamorphio  rocks  of  the  Bighlands  of  Scot- 
land must  have  read  with  the  greatest  interest  and  pleasure  the  clear 
and  vivid  "Report  on  the  Geology  of  the  North- West  of  Sutherland," 
by  Messrs.  Peach  and  Home,  in  the  pages  of  **  Nature"  ^  for  November 
last;  and  the  manly  and  candid  Introductory  Observations  by  the 
Director-General  of  the  Geological  Survey,  Not  only  does  the 
publication  of  this  Report  put  an  end  to  one  of  the  most  keenly 
agitated  controversies  in  the  history  of  British  Geology,  but  it  explains 
and  harmonizes  the  diverse  views  of  the  contending  parties.  The 
issue  appears  to  me  to  be  most  creditable  to  all  concerned.  For  many 
years  the  Highland  controversy  has  appeared  to  outsiders,  and  to 
those  geologists  who  were  unaware  of  the  difficulties  attending  the 
stratigraphy  of  the  older  rocks,  as  a  trivial  dispute  between  the 
Geological  Survey  on  the  one  hand  and  a  few  misguided  amateurs 
on  the  other.  So  simple  and  so  irresistible  appeared  to  be  the  facts  and 
arguments  advanced  by  Sir  Roderick  Murchison  and  his  followers  in 
proof  of  a  naturally  conformable  upward  succession  from  the  unaltered 
Silurian  rocks  of  the  North- West  into  the  overlying  metamorphio 
rocks  of  the  Highlands,  that  they  carried  conviction  to  the  minds  of 
geologists  of  the  first  rank,  from  Lyell  downwards.  So  overwhelm- 
ing indeed  was  the  concensus  of  opinion  in  favour  of  the  general 
accuracy  of  Murchison's  conclusions,  that  those  geologists,  who  have 
80  strongly  denounced  and  so  steadily  endeavoured  to  disprove  it, 
have  had  by  no  means  an  easy  or  a  pleasurable  task.  Tliat  they  com- 
mitted some  mistakes  and  drew  some  erroneous  conclusions  during 
the  prosecution  of  their  investigations  was  inevitable,  from  the  very 
novelty  of  the  work,  and  the  complicated  nature  of  the  stratigraphy. 
But  when  these  mistakes  are  set  off  against  the  gigantic  error  which 
these  investigators  so  successfully  opposed,  there  will  be  found  to 
be  a  most  substantial  balance  in  their  favour,  for  which  the  future 
student  of  these  old  rocks  will  give  them  due  credit. 

The  story  of  the  origin,  the  publication  and  the  extraoi*dinary  suc- 
cess of  the  Murchisonian  hypothesis  of  the  Highland  sequence,  in  spite 
^  Nature,  1884,  vol.  xxxi.  p.  29. 
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of  the  manly  opposition  of  Nicol ;  and  of  the  labonra,  the  diBcoveriee, 
and  the  conclusions  of  its  opponents,  from  the  date  of  the  bold  re- 
opening of  the  conti-oversy  by  Dr.  Hicks,  down  to  the  issue  of  the 
report  of  Messrs.  Peach  and  Home,  will  form  a  most  interesting  and 
instructive  chapter  in  the  history  of  British  Geology.  It  is  to  be  hoped 
that  some  geologist,  who  is  familiar  with  all  the  facts,  and  has  not 
identified  himself  with  either  of  the  contending  parties,  will  write 
this  story  for  the  information  and  edification  of  our  scientific  publio 
in  general,  while  the  subject  is  still  fresh  in  the  minds  of  all. 

By  myself,  the  Murchisonian  hypothesis  has  been  objected  to  npon 
two  grounds:  first,  because  I  believed  that  the  assumed  strati- 
graphical  proofs  upon  which  it  was  founded  were  erroneous,  and 
that  their  general  acceptance  delayed  the  discovery  of  the  true  laws 
of  the  stratigraphy  of  the  older  convoluted  rocks ;  second,  because 
the  supposed  ascending  succession  in  the  North-West  seemed  to 
shut  up  geologists  in  general  to  a  theory  of  regional  metamorphism, 
which  I  regarded  as  impossible  and  absurd.  Some  of  my  ideas 
respecting  the  worthlessness  of  Murchison's  stratigraphical  evidences, 
were  published  in  the  first  part  of  my  uncompleted  paper  on  the 
"  Secret  of  the  Highlands,"  together  with  a  short  sketch  of  the  strati- 
graphical  phenomena  that  might  reasonably  be  expected  in  these 
mountain  regions.'  The  actual  stratigraphy  of  the  more  important 
parts  of  the  Dumess-Eriboll  district,  and  a  sketch  of  the  probable 
agency  and  mode  of  metamorphism  of  its  schists,  I  trusted  to  be  able  to 
develope  in  the  final  parts  of  that  paper ;  but  a  severe  illness  contracted 
by  myself  in  working  out  the  rocks  in  the  North-West  has  prevented 
the  execution  of  this  task.  Indeed,  there  is  now  no  longer  any 
absolute  necessity  for  its  completion,  for  the  conclusions  at  which  I 
arrived  seem  to  me  to  be  identical  in  all  their  essentials  with  those 
recently  published  by  Messrs.  Peach  and  Home. 

A  brief  summary  of  my  own  results  in  so  far  as  they  affect  the 
age,  composition,  and  mode  of  formation  of  the  eastern  schists,  as 
deduced  from  the  remarkable  stratigraphical  and  metamorphic  pheno- 
mena apparent  in  Durness  and  Eriboll,  will  be  found  in  the  brief 
communication  printed  in  the  appendix  to  these  remarks.  It  was 
written  mainly  to  show  the  difference  between  my  own  views  and 
the  views  of  those,  on  the  one  hand,  who  believed  in  the  Archaean 
age  of  all  the  Eastern  metamorphic  rocks,  and  of  those,  on  the  other, 
who  held  that  because  the  Durness  Limestone  was  succeeded,  with 
apparent  conformity,  by  the  metamorphic  schists  in  Sango  Bay,  the 
latter  were  geologically  newer.  It  was  read  on  my  behalf  by  my 
friend  Mr.  J.  H.  Teall  at  the  ordinary  meeting  of  the  Geologists' 
Association  on  the  4th  of  July  last,  and  is  here  reprinted,  from  an 
advanced  proof,  by  the  kind  permission  of  the  Council  of  the  Asso- 
ciation. It  is  not  referred  to  in  this  place,  as  establishing  any  selfish 
claim  to  priority,  for  the  officers  of  the  Survey  reached  their  con- 
clusions in  complete  ignorance  of  my  results,  and  from  a  totally 
different  direction,  while  they  have  gone  far  beyond  me  in  working 

^  See  Geol.  Mao.  Decade  II.  Vol.  X.  1883,  pp.  120, 193,  and  337. 
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out  the  details  of  the  subject  Should  there  he,  however,  any  stray 
geologists  who  still  hesitate  to  accept  the  statements  of  Messrs. 
Peach  and  Home  respecting  the  extraordinary  nature  of  the  strati- 
graphical  phenomena  in  our  British  mountain  region,  and  fail  to  appre- 
ciate the  brilliant  light  thus  thrown  upon  the  true  mode  of  origin  of 
some  of  the  crystalline  schists,  it  may  aid  them  in  aiTiving  at  a  correct 
opinion  to  note  for  themselves  how  two  sets  of  investigators,  coming 
to  the  Dumess-EriboU  district  with  theoretical  views  almost  diametri- 
cally opposed  to  each  other,  have  independently  arrived  at,  and 
independently  made  known,  the  same  general  conclusions,  as  regards 
(1)  the  sequence;  (2)  the  extraordinary  stratigraphical  phenomena; 
(3)  the  mode  of  metamorphism ;  (4)  its  Post-Cambrian  date. 

We  are  now  for  the  first  time  in  a  position  to  take  stock,  as  it 
were,  of  the  common  acquisitions  of  all  parties  on  the  subjects  of  the 
stratigraphy  and  metamorphism  of  the  rocks  of  the  North-West 
Highlands.  The  more  vital  conclusions  laid  down  in  the  Report  of 
Messrs.  Peach  and  Home,  or  incidentally  covered  by  it,  are  sum- 
marized below.  It  will  be  apparent  on  testing  the  references  given 
(which  include  merely  a  single  citation  for  the  different  investigators 
in  each  case)  that  they  are  in  thorough  accord  with  similar  conclusions 
arrived  at  by  one  or  by  many  of  the  opponents  of  the  Murchisonian 
hypothesis,  a  circumstance  which  affords  a  strong  presumption  of 
their  general  correctness,  and  a  high  probability  that  they  will  soon 
be  accepted  by  all. 

Synopsis  of  our  present  ideas  of  the  Oeohgy  of  the  Books  of  the 

North-West  Highlands. 

(a)  The  Sequence^ 

1.  The  unaltered  Palssozoio  rocks  of  North-west  Sutherland  and 

lioss  consist  of  four  ^  main  members — the  Torridon  Sandstone, 
the  Quartzite,  the  Facoid  Group,  and  the  Durness  Limestone. 

2.  These  major  groups  admit  of  subdivision  into  several  recogniz- 

able zones,*  capable  of  being  easily  identified  upon  the  ground. 

3.  The  Dumess-EriboU  Limestone  is  the  newest  sedimentary  rock' 

in  the  district 

4.  The  Upper  Quartzite  and  Upper  Limestone  of  Murchison  are 

non-existent;*  the  so-called   Upper   Quartzite  is  the  Lower 
Quartzite  repeated,  and  the  so-called  Upper  Limestone  is  in 
reality  a  repetition  of  a  part  of  the  Durness  Limestone  itself. 
(6)  The  Stbatigbapht. 

5.  There  is  no '  conformable  upward  succession,  as  held  by  Mnrohi* 

son  and  his  followers,  from  the  Silurian  fiocks  into  the  Eastern 
Gneissic  series ;  for — 

»  Nicol,  Quart.  Joum.  Geol.  Soc.  1866,  p.  20,  etc.  Hicks,  aJ.G.S.  1878,  p.  813. 
Callaway,  Q.J.G.S.  1883,  p.  358,  etc    Lapworth,  Geol.  Mao.  1883,  p.  123,  etc. 

3  Lapworth,  Gbol.  Mao.  1883,  p.  126,  etc.    Callaway,  Q.J.G.S.  1883,  p.  368,  etc. 

»  Nicol,  Q.J.G.8.  1861,  p.  88,  etc.  Callaway,  Q.J.G.S.  1881,  p.  244.  Lap- 
worth,  Geol.  Mao.  1883,  p.  127. 

«  Nicol,  Q.J.G.S.  1861,  p.  91,  etc.  Hndleston,  Gbol.  Mao.  1882,  p.  3d4. 
Lapworth,  Gbol.  Mao.  1883,  p.  127.    Callaway,  Q.J.G.S.  1883,  p.  367. 

»  Nicol,  Q.J.G.8.  1861,  p.  86.  Hicks,  ibid.  1883,  p.  157.  Callaway,  Q.J.G.S. 
1883,  p.  367.    Lapworth,  Gbol.  Mao.  1883,  p.  127. 
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6.  In  Bome  spots  the  basement  beds  of  the  local  Palsdozoic  rocks 

rest  unconlbrmably  *  upon  one  member  of  the  Eastern  meta- 
morphic  series :  while — 

7.  Generally  speaking,  the  line  of  junction  of  the  unaltered  Palseo- 

zoic  rocks  and  the  Eastern  Metamorphio  Series  is  a  great  fault ' 
and  overthrust,  along  which — 

8.  The  Eastern  metamorphic  series  has  been  forced'  over  the 

Silurian  rocks  by  Earth-movements  which  have  acted  since 
Lower  Silurian  (Ordovician)  times. 

9.  The  schists  and  gneisses  of  Sango  Bay  and  Farrid  Head,  which 

repose  locally  upon  the  Durness  Limestones,  do  not  form  part 
of  a  continuous  sedimentary  succession.  They  are  a  part  of 
the  Eastern  or  Upper  Gneissic  Series,  and  they  are  separated 
from  the  Durness  Limestone  by  planes  of  fault.^ 

10.  As  these  schists,  etc.,  of  Sango  Bay  are  similar  in  character 
and  arrangement  to  the  zones  of  pressure  schists  occurring 
above  the  great  overthrust  in  Eriboll,*  nearly  10  miles  to  the 
S.E.  they  afford  a  rough  index  of  the  enormous  distance  to 
which  the  metamorphic  rocks  have  been  forced  over  the  under- 
lying sedimentary  and  unaltered  deposits. 

11.  Much  of  the  Eastern  Gneiss  is  merely  the  Archaean'  gneiss 
repeated ;  the  Logan  Rook  of  the  Assynt  district  is  generally  the 
ArohsBan '  brought  up  from  below  the  overlying  sedimentaries, 
and  the  Arnaboll  Hock  of  Eiiboll"  is  a  part  of  the  same 
Archaean  (Hebridean)  gneiss. 

(c)  The  Metamoephism. 

12.  The  petrological,  lithological,  and  mineralogical  distinctions 
between  the  Hebridean  gneiss  and  the  Logan  ^  and  Arnaboll 
Kocks  and  their  equivalents  are  primarily  due  to  the  extra- 
ordinary mechanical  disturbances^"  to  which  the  latter  have 
been  subjected. 

13.  The  planes  of  schistosity  in  the  Eastern  Metamorphic  Schists, 
«         etc.,  between  and  above  the  great  fault-planes,  are  not  planes 

of  bedding : "  they  are  planes  of  shearing  and  cleavage,  gliding 
planes  (thrust-planes)  along  which  the  rocks  have  yielded  to 
the  lateral  crust-pressure. 

1  Lapworth,  Geol.  Mao.  1883,  p.  127.  Callaway,  Q.J.G.S.  1883,  p.  407. 
Compare  Hicks,  1880,  Geol.  Mao.  p.  21. 

»  ^icol,  Q.J.G.S.  1861,  p.  86.  Callaway,  Q,J.G.S.  1883,  p.  367,  etc.  Hicks, 
Q.J.G.8.  1883,  p.  167.     Lapworth,  aJ.G.S.  1883,  p.  421. 

»  Callaway,  Q-J.G.S.  1883,  p.  410.  Lapworth, /oc.  «^  Compare  Nicol,  Q.J. G.S. 
1861,  p.  110,  and  Hicks,  Geol.  Mao.  1880,  p   17. 

•  Nicol,  Q.J.G.S.  1861,  pp.  87,  88.  Callaway,  ibid,  1881,  p.  241.  Lapworth, 
aee  Appendix. 

"  Lapworth,  1884,  see  Appendix,  p.  104. 

«  Nicol,  aJ.G.S.  1861.  p.  95.     Hicks,  ibid.  1878,  p.  818,  etc.  etc. 
'  Bonney,  Hudleston,  Proc.  Geol.  Assoc.  1879,  p.  75  ;    Q.J.G.S.  1880,  p.  95. 
Callaway,  ibid.  1883,  p.  410. 

•  Lapworth,  Q.J.G.S.  1883,  p.  422,  etc. 

•  Compare  Bonney,  Q.J.G.S.  1880,  p.  95,  etc. 
w  Lapworth,  1884.  see  Appendix,  p.  103. 

^^  Lapworth,  1884,  he.  cit.    Compare  also  Bonney,  Q.J.G.S.  1883,  p.  415,  etc. 
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14.  By  the  agency  of  this  lateral  earth-thrust,  the  Archaean,  the 
plutonic,  and  included  patches  of  sedimentary  rocks  have  been 
locally  sheared  and  flattened  out  into  rocks  resembling  halle- 
flintas  ^  and  rhyolites,  even  finely -laminated  shales. 

15.  Tills  Eastern  Metamorphio  Series  of  Sutherland  and  Boss  not 
only  contains  Archaean  rocks,  but  also  local  patches  of  meta- 
morphosed Palaeozoic,'  intrusive,  and  segregatory  rocks, 
together  with  local  patches  of  material  probably  compounded 
of  all  these  in  different  degrees.' 

16.  This  Eastern  Metamorphio  Series  has  received  its  present  strike, 
pseudo-bedding  and  its  present  foliated  and  mineralogical 
characteristics  through  the  agency  of  the  crust  movements 
which  have  operated  within  the  district  since  Lower  Silurian 
times.^ 

Some  of  these  conclusions  may  appear  startling  at  first  sight  to 
those  who  have  not  followed  with  interest  and  appreciation  the  more 
recent  developments  of  our  knowledge  of  the  geological  phenomena 
of  mountain  districts.  But  they  agree  precisely  with  the  results 
which  have  been  already  worked  out  by  extra-British  investigators. 
The  stratigraphy  of  the  North-West  Highlands,  as  I  have  more  than 
once  suggested,  is  precisely  of  the  same  character  £M  that  so  admirably 
described  and  illustrated  by  Helm  *  in  his  magnificent  work  upon  the 
Alps  of  Central  Switzerland.  The  metamorphio  phenomena  of  the 
north-west,  too,  are  identical  with  those  so  minutely  detailed  and 
photographed  in  Lehmann*s  most  valuable  work  on  the  meta- 
morphio rocks  of  the  Saxon*  Erzgebirge.  Continental  geologists, 
British  amateurs,  and  the  oflBcers  of  the  Geological  Survey  are  now 
at  one  and  the  same  point.  They  stand  together  on  the  shore  of  a 
new  world  of  geological  discovery,  full  of  the  richest  promise. 

But  it  must  not  be  forgotten  that  the  results  already  attained  in  the 
north-west  are  merely  the  preliminary  sketches  for  a  great  and  a 
most  necessary  work,  namely,  the  detection  of  the  chief  laws  of 
moantain  stratigraphy  and  the  discovery  of  the  more  important 
processes  of  regional  metamorphism.  Investigators  are  certain  to 
crowd  in  hosts  to  the  new  ground  in  search  of  fresh  discoveries,  and 
geological  pamphlets  upon  the  district  will  soon  be  thick  as  leaves 
in  Vallambrosa.  All  this  will  advance  the  science  greatly,  and  much 
good  will  come  of  it  But  before  we  can  advance  far  beyond  our 
present  standpoint,  it  is  absolutely  requisite  that  the  debatable  region 
shall  be  accurately  mapped  and  ita  complicate<l  stratigraphy  un- 
ravelled. This  is  a  work  which  can  only  be  accomplished  speedily 
and  in  its  entirety  by  the  Geological  Survey.  And  it  is  a  preliminary 
and  necessary  work  of  the  very  first  importance,  for  upon  its  speedy 
and  satisfactory  completion  hang  some  of  the  most  vital  problems  in 
British  strati^raphical  as  well  as  in  general  theoretical  geology. 

»  Lapworth,  loe.  eit,  1884.  «  Compare  Hicka,  1883,  Q.J.G.S.  p.  147. 

'  Lapworth,  1884,  ibid.  p.  104.  *  Lapworth,  1884,  ibid.  p.  105. 

•  Heim,  Meehanismut  der  Gebirgihildung ^  Basel,  1878. 

•  Lehmann,  MnUUhung  der  AUkryttalUniBchen  Schiefergtiteine,  Bonn,  1884. 
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By  meaDB  of  their  recent  labours  in  the  Durness-EriboU  district 
Messrs.  Peach  and  Home  have  familiarized  themselves  with  the 
minutest  details  of  its  component  formations,  and  have  studied  and 
interpreted  its  astounding  stratigraphical  phenomena  in  the  area 
where  they  are  most  completely  dissected  by  nature  for  the  benefit 
of  the  investigator.  No  one  who  has  the  real'interest  of  geology  at 
heart  but  will  earnestly  hope  and  trust  that  they  will  uninterruptedly 
continue  the  work  they  have  so  excellently  begun  until  it  is  thoroughly 
complete  from  EriboU  to  Skye. 

May  we  soon  see  a  Monograph  npon  the  debatable  land  of  the 
North-West,  that  shall  compare  with  those  fine  works  issued  by 
the  American  Survey,  and  shall  demonstrate  both  to  our  scientists 
and  to  the  educated  public  at  large  that  the  members  of  our  British 
Survey  can  not  only  lay  down  correctly  upon  their  maps  the  true 
places  of  the  economic  treasures  of  the  rocky  floor  of  our  countiy, 
but  that  they  can  interpret  minutely  and  correctly  the  most  com- 
plicated geological  phenomena  of  our  mountain  regions  I 

But  a  work  of  this  kind  need  not  clash  in  the  slightest  degree  with 
the  contemporaneous  work  of  amateurs  in  the  same  or  in  corre- 
sponding fields  of  research.  The  subject  is  perfectly  free  and  open 
to  all.  Every  investigator  has  a  right  to  euldress  himself  to  any 
part  of  the  work  he  pleases,  and  the  right,  if  he  deems  it  fitting  to 
exercise  it,  to  demand  a  full  recognition  of  the  importance  of  his  own 
contribution  to  the  common  stock  of  discovery.  No  investigator,  or 
body  of  investigators,  has  any  claim,  beyond  that  conceded  by 
courtesy,  to  a  monopoly  in  any  special  department  of  geology,  local 
or  theoretical.  The  only  available  geological  possessions  of  the 
investigator  are  his  abilities,  his  opportunities,  and  the  fruits  of  the 
good  work  he  has  done  in  the  past.  The  only  authority  he  dare 
recognize  with  safety  is  Nature  herself.  The  extremest  penalty 
for  the  slightest  departure  from  the  course  she  has  marked  out, 
whether  committed  wilfully  or  in  ignorance,  will  be  mercilessly 
exacted  by  her  tardy  but  sure-footed  avenger — Time. 

It  seems  to  me  that  these  are  the  conclusions  that  every  one  who 
knows  the  facts  is  certain  to  draw  for  himself,  from  the  startling  and 
sudden  collapse  of  the  brave  Murchisonian  hypothesis  in  our  midst, 
and  that  they  ought  to  have  the  effect  of  banishing  partisanship,  and 
of  teaching  us  scientific  toleration  and  mutual  respect. 

At  the  present  time  the  several  groups  of  students  of  these  old 
rocks  are  ail  met  together  upon  one  and  the  same  elevated  platform 
of  a  common  opinion,  having  climbed  up  painfully  thereto  from 
many  different  directions,  llie  old  subject  of  dispute  has  utterly 
disappeared,  and  there  is  no  longer  any  reasonable  excuse  for  dissen- 
sion. We  have  all  been  partly  right  and  partly  wrong.  It  is  a  time 
for  a  hearty  laugh  all  round,  a  time  to  shake  hands  and  be  friends. 

The  inauguration  of  the  Murchisonian  hypothesis  of  the  Highland 
succession  marked  the  beginning  in  Britain  of  a  period  of  bitter 
controversy,  of  estrangement  of  Survey  men  and  amateurs,  of  decline 
in  geological  enthusiasm,  and  of  comparative  feebleness  of  geological 
research.     Let  us  trust  that  its  downfall  marks  the  commencement 
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of  a  new  and  a  happier  period  like  that  of  the  earlier  years  of  the 
present  century,  when  all  British  geologists  shall  meet  upon  an  equal 
footing,  in  mutual  communion  and  sympathy,  and  when  the  only 
rivalry  between  parties  shall  be  in  vieing  with  each  other  in  develop- 
ing the  unknown  treasures  in  that  new  geological  world  of  wonder 
now  opening  up  before  our  eyes,  where  authority  and  precedent  are 
alike  unknown,  and  where  so  much  awaits  discovery  that  there  is 
rootai  and  work  and  hope  for  all. 

Appendix. 

On  the  Stbatiqbapht  and  Metamorphish  of  the  Books  of  the 

DuBNEss  Eriboll  Distbiot.' 

By  Charles  Lapwortu,  LL.D.,  F.G.S., 

Professor  of  Geology  and  Mineralogy,  Mason  Science  College,  Birmingham. 

In  *  the  district  round  Eriboll  and  Durness,  the  so-called  Eastern 
(or  Upper)  Gneiss  is  composed  of  two  very  distinct  members.  The 
older  member  is  the  Arnaboll  Gneiss,  which  is,  in  my  opinion, 
nothing  more  nor  less  than  the  so-called  Laurentian  (or  Lower  Gneiss) 
brought  up  to  the  east  of  the  Assynt  (Durness-Eriboll)  series  by 
gigantic  overfolds. 

The  younger  member,  which  is  composed  of  the  schistose  meta- 
morphio  rocks  of  the  Moen  and  Central  Sutherland,  contains  within 
it — forming  almost  inseparable  parts  of  its  mass — long  strips  and 
patches  of  the  lower  zones  of  the  Assynt  (Durness-Eriboll)  series. 
The  schistose  quartzites  or  the  quartz-schists  (of  some  authors)  of  the 
Sutherland  Schist  Series  are  actually  nothing  more  than  the  crushed 
and  mechanically  metamorphosed  ends  of  long  wedges  of  the  Assynt 
Series,  and  are  often  in  visible  continuity  upon  the  ground  with  the 
unaltered  Assynt  beds. 

I  hold  that  the  Sutherland  Schistose  Series  is  composed  of  a  com- 
plete intermixture  of  Archasan  and  Assynt  rocks,  the  two  series 
being  so  interfolded  and  interfelted  together  that  (exception  being 
made  of  those  zones  near  the  great  overfanlts  where  the  metamor- 
phism  is  incomplete)  they  can  never  be  separated  in  the  field,  but 
must  be  mapped  simply  as  ''  metamorphic.*' 

The  planes  of  foliation  and  schistosity  in  the  (so-called)  Upper 
Metamorphic  Series  of  Sutherland  are  not  planes  of  bedding ;  they 
are  planes  of  cleavage — that  is,  gliding-planes,  along  which  the 
rocks  have  yielded  to  the  irresistible  pressure  of  the  lateral  Earth- 
creep  during  the  process  of  mountain-making,  lliis  pressure  was 
BO  extraordinary  that  granites,  syenites,  pegmatites,  gneisses,  and 
quartzites  have  been  crushed  to  powder,  and  have  been  finally  flat- 
tened out  into  rocks  having  all  the  external  characters  of  hallefiintas 
and  even  finely  laminated  shales.  Every  stage  of  the  crushing  pro- 
cess is  recognizable  in  the  field  and  under  the  microscope,  from  the 
coarsest  pegmatite  and  gneiss  down  to  the  so-called  metamorphic 
shales,  schists,  and  slates.     Hence  the  most  highly  metamorphosed 

^  Bead  at  Ordinary  Meeting  of  Geologists*  Association,  July  4th,  1884. 

'  The  communication  is  pnnted  as  read.  A  few  words  have  heen  added  hy  Prof. 
Lapworth  for  the  sake  of  clearness  of  description.  These  are  given  in  bractets. — 
J.  J.  H.  TiiXL. 
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rocks  of  EriboU  are  not  the  coarse  Hebridean  Gneisses,  but  the  fine 
slaty  schists. 

The  process  of  rook-folding  in  the  region  is  ezoeedingly  complex, 
and  has  resulted  in  most  remarkable  phenomena.  The  rook-folds 
(and  faults)  are  of  all  grades,  from  miles  across  down  to  microscopic. 
In  some  cases  the  original  dividing  plane  (either  bedding  plane  or 
fault  plane)  of  two  successive  rock-sheets  has  been  twisted  into  the 
form  of  spirals,  cornucopias,  etc.  Folding,  interfolding,  bucklibg, 
shearing,  stretching  have  all  taken  effect  again  and  again  along  the 
junction  (fault  or  bedding)  plane  between  the  Sedimentaries  and 
ArchsBan;  and  innumerable  protrusions  of  igneous  rock —plu tonic — 
have  forced  their  way  in  numberless  veins  in  the  latter  (Archaean) 
up  to  the  former  (Sedimentaries).  At  present,  even  near  the  line 
where  the  two  distinct  sets  of  rocks  retain  their  recognizable 
individuality,  the  schistose  layers  that  form  the  so-called  lowest 
beds  of  the  Eastern  Schists  are  (occasionally)  compounded  of 
materials  of  such  different  origin  that  even  in  the  same  hand- 
specimen  (from  one  locality)  I  believe  that  it  can  be  sometimes 
demonstrated  that  certain  parts  of  a  layer  may  be  mainly  Assynt, 
other  parts  mainly  Archaean,  and  other  parts  mainly  intrusive  or 
segregatory.  The  result  is  a  comparatively  homogeneous  schist; 
but  who  shall  indicate  its  geological  age  ? 

Schists  composed  of  Archaean,  Ordovician  (sedimentary),  and 
intrusive  rocks  respectively,  form  part  and  parcel  of  one  and  the 
same  (lowest  or  heterogeneous)  zone  in  the  Eastern  (Schistose)  area, 
and  intermingled  with  them  occur  schists  (apparently)  composed 
of  mixtures  of  all  three  in  different  degrees.  Here  and  there  near 
the  junction  line  (between  the  present  Dumess-Eriboll  Series  and 
the  present  Eastern  Metamorphic  Series)  we  can  say :  Tliis  band 
(a)  is  essentially  or  wholly  Archaean  ;  this  (&)  is  certainly  Ordovician ; 
and  this  (c)  probably  intrusive  rock.  But  as  we  go  further  east  all 
recognizable  distinctions  vanish  one  by  one,  and  in  the  present 
state  of  our  knowledge  all  that  we  can  presume  to  say  is,  that, 
considered  as  a  whole,  the  Eastern  Schist  of  Central  Sutherland  is 
in  all  probability  an  intimate  compound  of  sheets  of  (1)  Archaean, 
(2)  Sedimentary,  and  (3)  Intrusive  rocks,  which  have  been  crushed  into 
slaty  rock,  in  which  crystallization  has  set  up  along  the  cleavage  planes. 

The  quartz,  and  possibly  some  of  the  mica,  of  the  Upper  Schists 
may  have  been  largely  derived  ^m  the  Sedimentaries ;  hence  the 
highly  quartzose  nature  of  these  schists.  Their  felspar  has  either 
been  derived  from  the  Archaean,  or  from  intrusive  pi u tonic  rocks. 

So  far  as  my  own  observations  go,  there  seems  to  be  no  trace  what- 
ever of  any  sedimentary  rock  in  the  Dumess-Eriboll  region  of  more 
recent  date  than  the  Durness  Limestone,  llie  thin,  so-called  Upper 
Quartzite  band  of  Sango  Bay  is  the  crushed  basement  zone  of  the 
Lower  Quartzite.  The  green  schists  overlying  it  are  pressure  schists, 
formed  and  brought  over  in  the  great  over  fault  The  same  zone 
occurs  again  in  Eriboll,  along  the  great  fault-line  of  the  Upper  Schist 
series.  If  (like  those  geologists  who  erroneously  maintain  that  these 
Sango  Bay  Schists,  etc,  naturally  succeed  the  Durness  Limestone) 
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we  regard  these  green  schists,  etc.,  above  the  Limestone  in  the  Sango 
Bay  section  as  (forming  part  of)  atxue  (sedimentary)  sequence,  we  can 
prove  with  equally  valuable  evidence,  indeed  upon  identical  grounds — 

(1)  In  Sango  Bay  that  these  green  schists  overlie  the  Limestone. 

(2)  In  (near)  ArnaboU  that  they  follow  at  once  to  the  basement 
bed  of  the  Quartzite. 

(3)  In  Eriboll  (in  some  localities)  that  they  are  interstratified  with 
the  Hebridean. 

(4)  And  (in  other  localities)  that  they  trough  the  Lower  Quartzite, 
coming  out  from  below  it 

(5)  And  also,  as  in  Craig  Faolinn,  that  they  are  the  junction 
(transition)  beds  of  the  Lower  and  Upper  Oneissic  Series. 

In  other  words,  that  they  are  below  the  Ordovician,  above  the 
Ordovician,  in  the  Quartzite,  above  the  Quartzite,  in  the  Hebridean, 
and  in  the  Upper  Gneiss  (so  called)  all  at  one  and  the  same  time  I 

I  believe  at  present  that  the  great  area  of  metamorphic  schists 
of  Sutherland  and  the  Central  Highlands  is,  as  a  whole,  neither 
Archsdan  nor  Ordovician.  The  Sutherland  Gneiss — AmaboU — is 
Archaoan.  The  Sutherland  Schist  has  been  manufactured^  sinco' 
Silurian  times.  For  all  I  know,  there  may  be  lai'ge  areas  (in  the 
Central  Highlands,  etc.)  composed  wholly  of  Archaean  (Laurentian) 
rocks,  or  of  Cambrian  or  pre>Cambrian  rocks.  When  the  meta- 
morphism  of  the  Highland  area  began  I  think  that  it  is  impossible 
to  say,  and  may  be  always  impossible.  One  thing  seems  pretty  clear 
to  me — the  so-called  oldest  beds  of  the  Highland  succession  of  the 
Schistose  Series  of  the  N.W.  Highlands  are  the  newest  in  point  of 
time.  The  zone  of  intermixture  and  metamorphism  (in  Sutherland) 
travelled  to  west  from  east,  and  the  last  beds  (schists)  manufactured 
are  those  now  in  contact  with  the  Assynt  Series  in  Durness,  £riboll, 
and  Assynt. 

Strikes,  dips,  and  visible  sequences  are  worse  than  useless  in  these 
metamorphic  rocks  as  indices  of  chronological  sequence.  I  cannot 
help  believing  that  we  have  in  the  Highlands  merely  the  remains 
of  a  degraded  mountain  complex.  That  fragment  of  the  N.W. 
Highlands  where  the  fossil-bearing  beds  occur,  is  the  newest  (of  its 
component  ranges)  in  point  of  time.  Some  ranges  were  certainly 
in  existence  in  the  Highlands  in  the  Old  Red  times,  and,  for  all  we 
know  to  the  contrary,  some  in  Silurian  times  also.  The  Highland 
area  has,  I  consider,  been  the  theatre  of  mountain-making,  and  of 
igneous  action  again  and  again,  since  then.  If  the  same  crumpling 
has  taken  place  over  its  whole  surface  as  has  certainly  taken  place 
in  Eriboll,  its  present  width  must  be  the  merest  fraction  of  its 
original  extent,  and  the  manufacture  of  its  schists  and  gneisses  may 
have  gone  on  in  some  localities  below  its  surface  from  pre-Cambrian 
times  to  the  present  without  interruption. 

The  attempt  to  claim  all  its  (Central  Highland)  rocks  as  pre- 
Cambrian  is  perhaps  a  little  more  justifiable  than  the  attempt  to 

^  (t.^.  the  heterogeneous  materials  of  which  it  is  composed  haye  undergone 
re-arrangement,  and  hare  received  a  new  and  a  common  set  of  petrolugical 
features,  through  the  ageucj  of  the  great  Earth-mill). 
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claim  them  as  SiluriaiL  At  present  the  disproof  of  the  **  visihle 
ascending  succeaaion "  of  the  Murchisonian  party  is  a  hrilliant 
triumph  for  the  Nicolites.  But  the  truth  lies,  I  cannot  help  believing, 
between  the  two  views.     If  I  can  prove  my  case,  we  shall  find  : — 

(1)  That  there  is  no  recognizable  chronologicMd  sequence  (or  in- 
variable succession  of  superposition)  in  the  metamorphio  Highland 
area  corresponding  to  that  among  the  sedimentary  formations  (for 
the  planes  dividing  the  truly  metamorphio  layera  are  not  planes  of* 
deposition,  but  planes  of  shearing  and  cleavage). 

(2)  Many  of  its  (the  Highland)  schists  are  composed  of  Archaean 
materials  (rocks),  which  have  received  their  present  pseudo-bedded 
arrangement  since  Ordovician  times. 

(3)  What  proportion  of  its  schists  and  gneisses  is  composed  of 
Archsean,  sedimentary,  or  intrusive  materials  respectively  is  in  all 
probability  an  insoluble  question. 

(4)  Its  gneiasea  may  be  either  Archsean  or  (some)  possibly  formed 
by  intrusion  (injection  of  plutonic  rocks)  in  later  ages. 

(5)  Its  aehiata  may  be  composed  either  of  crushed  Archaans, 
crushed  iniruaivea,  or  of  a  mixture  of  these  with  sedimentaries. 

(6)  Its  (so-called)  alatea  may  be  (according  to  the  locality,  either 
normal  slates  or)  crushed  rocks  not  yet  crystallized  (and)  of  either 
Archaean,  sedimentary,  intrusive,  or  of  mixed  origin. 


IT. — On  somb  Quartz-Felsites  and  Augitk-Gbanites  from  the 

Cheviot  District. 

By  J.  J.  Habbis  Teall,  M.A.,  F.G.S. 

IN  previous  communications  to  the  Qbologioal  Magazine  *  I  have 
described  at  some  length  the  petrographical  characters  of  the 
lavas  and  tuffs  of  the  Cheviot  District  It  was  proved  that  they  are, 
at  any  rate  for  the  most  part,  of  an  andesitic  character,  and  that  some 
of  them  are  so  little  altered  as  to  be  thoroughly  entitled  to  the 
term  andesite,  unless  we  are  prepared  to  adopt  the  unphilosophical 
system  of  making  geological  age,  per  ae,  a  factor  in  petrographical 
nomenclature.  If  we  leave  out  of  account  the  modifications  in 
structure  and  composition  which  have  been  superinduced  on  the 
rocks  by  the  various  agents  of  change,  then  the  Cheviot  lavas  and 
tuffs  belong  to  the  three  fairly  well  characterized  groups  of  the 
augite-,  hypersthene-,  and  mica-andesites. 

It  is  interesting  to  note  that  pumice  and  ash  having  essentially  the 
same  chemical  and  mineralogical  composition  as  the  Cheviot  hyper- 
sthene-andesite  was  erupted  in  immense  quantities  by  the  volcano  of 
Krakatoa  in  the  autumn  of  last  year :  a  fact  which  testifies  in  a 
striking  manner  to  the  uniformity  in  volcanic  phenomena  during 
immense  periods  of  geological  time. 

In  the  present  communication  I  propose  to  describe  some  intrusive 
rocks  that  occur  in  the  Cheviot  district  They  belong  to  two  well- 
marked  groups — the  quartz -felsites  and  the  augite-biotite-granites. 

^  Notes  on  the  Cheviot  Andesites  and  Porphyrites,  Gbol.  Mao.  1883,  pp.  100, 
146,  262. 
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It  is  necessary  to  state  that  my  visit  to  the  Cheviots  was  made 
after  the  reading  of  a  paper  on  the  geological  structure  of  the 
district  at  the  Geological  Society  by  Mr.  Ciough,  at  which  I  was 
present.  I  was  guided  to  many  of  the  localities  mentioned  in  this 
communication  by  information  obtained  from  that  paper.  I  regret 
very  much  indeed  that  it  has  not  yet  been  published.  It  deals  with 
the  mutual  relations  of  the  rocks  referred  to  in  the  present  com- 
munication, but  so  far  as  I  can  remember,  it  does  not  contain 
detailed  petrographical  descriptions. 

The  Quartz-pblsites. 

I  have  observed  these  rocks  in  three  localities  in  the  porphyrite 
region  ;  in  the  Bidlees  Burn  about  li  mile  from  its  junction  with 
the  Coquet;  in  the  Coquet  itself  about  1  mile  above  Shillmoor 
Farm  ;  and  in  the  Us  way  rather  more  than  ^  mile  from  its  junction 
with  the  Coquet.  In  each  case  the  rocks  occur  as  dykes  in  the 
porphyrites,  and  they  are  well  exposed  in  the  actual  banks  of  the 
several  streams.  There  is  no  marked  variation  in  the  rocks  from 
the  different  localities,  and  they  may  therefore  be  described  collec- 
tively. In  colour  they  vary  from  pale  red  to  dull  purple.  In  texture 
they  are  not  conspicuously  porphyritic,  the  individual  crystals  rarely 
exceeding  a  length  of  two  mm.  Examined  with  a  hand  lens  the 
most  conspicuous  mineral  is  seen  to  be  biotite,  which  is  evenly 
scattered  through  the  rock  in  the  form  of  beautiful  hexagonal  tablets. 
Crystals  of  felspar,  usually  of  the  same  colour  as  the  ground-inass, 
but  occasionally  weathering  white,  may  be  recognized.  Grains  of 
quartz  are  also  seen  to  be  present,  but  their  importance  as  constituents 
of  the  rock  is  not  recognized  until  the  thin  sections  are  examined* 
The  matrix  presents  the  usualr  felsitic  character. 

Under  the  microscope  the  biotite  is  seen  to  be  of  a  perfectly  normal 
character.  Its  boundaries  are  intact ;  a  fact  which  shows  that  in  the 
case  of  this  rock  the  magma  exerted  no  corrosive  action  on  the 
mineral.  The  only  inclusions  are  apatite  and  magnetite.  Quartz  is 
the  next  mineral  in  importance.  It  usually  occurs  in  irregular  grains, 
but  occasionally  in  the  form  of  more  or  less  regular  crystals.  It 
contains  inlets  and  inclusions  of  the  ground-mass,  and  sometimes  the 
form  of  the  grain  is  as  irregular  as  the  island  of  Celebes.  The 
relation  of  the  quartz  to  the  ground-mass  is  therefore  seen  to  be 
that  which  is  so  especially  characteristic  of  the  rhyolites.  Mica  occa- 
sionally occurs  as  an  inclusion  in  the  quartz.  The  felspars  are  so 
similar  in  appearance  to  the  ground-mass  on  account  of  the  presence 
of  irregular  and  ill-defined  brownish  fiecks  and  scales  (ferrite : 
Vogelsang)  that  they  may  sometimes  be  overlooked  when  examining 
the  rock  by  ordinary  light  Under  polarized  light  they  become  at 
once  apparent,  and  in  the  majority  of  cases  may  be  identified  as 
orthoclase,  a  conclusion  which  is  confirmed  by  Mr.  Waller's  analysis 
(see  p.  111).  The  ground-mass  is  perhaps  the  most  interesting 
portion  of  the  rock  so  far  as  microscopic  characters  are  concerned. 
It  presents  several  very  interesting  modifications ;  but  before  pro- 
ceeding to  describe  these,  it  seems  advisable  to  make  a  few  general 
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remarks  on  the  subject  of  the  ground-mass  of  the  quartz-porphyries  * 
in  order  that  the  terms  employed  may  be  clearly  understood. 

The  characters  of  this  ground-mass  have  been  made  the  subject  of 
elaborate  researches  by  many  observers,  and  the  most  diverse 
opinions  have  been  expressed  as  to'  their  true  significance.  The 
whole  subject  has  been  discussed  by  Kosenbusch,  with  his  usual 
critical  ability,  in  his  work  **Die  massige  Gesteine,"*  and  in  the 
following  communication  I  propose  to  adopt  his  terms. 

In  any  attempt  to  acquire  definite  ideas  as  to  the  nature  of  this 
ground-mass,  it  is  advisable  to  remember  that  there  are  in  this,  as  in 
every  branch  of  petrography,  two  more  or  less  independent  pointa 
of  view;  the  descriptive  and  the  «etiological.  We  may  consider 
the  actual  characters  of  the  ground-mass  without  reference  to  their 
origin,  or  we  may  attempt  to  form  some  notion  of  the  manner  in 
which  they  have  been  produced.  From  the  first  point  of  view  two 
modifications  of  the  ground-mass  stand  out  as  the  antitheses  of  each 
other,  and  present  no  difficulty  in  the  way  of  description.  On  the 
one  hand  we  have  an  isotropic  glass,  and  on  the  other  an  aggregate 
which  is  capable  of  resolution,  either  with  a  hand  lens  or  with  the 
microscope,  into  a  congeries  of  perfectly  definite  crystalline  grains. 
The  terms  vi  trophy  re  and  granophyre  were  proposed  by  Vogelsang* 
to  include  those  quartz-porphyries  in  which  the  ground-mass  is  pre- 
sent in  one  or  other  of  these  forms.  Rosenbusch,^  however,  has 
shown  that  the  granophyres  of  Vogelsang  may  be  subdivided  into 
two  groups,  to  which  he  proposes  to  apply  the  terms  micro-granite 
and  granophyre.  The  rocks  of  these  two  groups  are  distinguished 
from  each  other  by  the  mutual  relations  of  the  crystalline  constituents 
of  the  ground-mass.  In  micro-granites  these  constituents  are  related 
to  each  other  in  the  same  way  as  the  constituents  of  granite  or 
granulite.  They  consist  of  crystalline  grains,  mostly  of  felspar  and 
quartz,  which  are  aiTanged  without  any  regularity.  In  granophyres, 
on  the  other  hand,  the  quartz  and  felspar  are  intergrown  according 
to  more  or  less  definite  laws,  so  that  definite  structures,  such  as 
micro-pegmatite,  may  be  recognized  in  these  rocks.  One  special 
type  of  structure  which  is  frequently  present  in  these  rocks,  and  is 
often  seen  in  association  with  the  true  micropegmatite,  is  termed  by 
Kosenbusch  pseudo-spherulitio.  True  spherulites,  according  to  him, 
are  composed  of  crystalline  fibres  of  one  and  the  same  substance,  all 
radiating  from  a  common  centre,  and  having  an  axis  of  elasticity 
parallel  with  the  length  of  the  fibre.  They  are  therefore  character- 
ized under  the  microscope  with  crossed  Nicols  by  a  perfectly  definite 
four-armed  cross,  the  arms  of  which  lie  parallel  with  the  vibration 
planes  of  the  Nicols,  and  remain  stationary  as  the  stage  is  rotated. 
The  spherulitic  structures  of  the  granophyres  are,  however,  com- 
posed of  quartz  and  felspar,  so  that  the  axes  of  elasticity  in  the 

^  It  must  be  remembered  that  tbe  terms  quartz-porph^rry  and  qnartz-felsite  are  not 
Bjnonyrooas.  The  former  term  is  the  more  comprehensive,  as  it  includes  sach  rocks 
as  the  porphyritic  pitchstones  (Vitrophvr  of  Vogelsang). 

»  Page  60.  '  Die  Krystalliten,  Bonn,  1875,  p.  160. 

*  Zusammensetzung  und  Structur  granitischer  Gesteine,  Z.D.G.G.  1876,  p.  869. 
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different  elements  of  the  spherulite  maj^b^^^ift^^^ll^^ions  in 
relation  to  the  spherulite  as  a  whole.  Under  tfWJByi^il  mools  such  a 
stmctore  may  give  rise  to  more  or  fewer  arms  than  the  number 
charaoteristic  of  true  spherulites,  and  these  arms  may  not  lie  parallel 
to  the  vibration  planes  of  the  Nicols.  Such  structures,  wherever 
they  may  occur.  Professor  Bosenbusch  proposes  to  call  pseudo- 
spherulites. 

The  granophyres,  then,  are  distinguished  by  the  presence  of  a 
micro- pegmati tic.  pseudo-spherulitio  or  some  allied  structure  in  the 
ground-mass ;  whereas  the  ground-mass  of  the  micro-granites  is  an 
irregular  aggregate  of  crystalline  grains.  Bosenbusch  also  uses  the 
adjective  granophyric  to  express  the  various  modifications  of  structure 
which  occur  in  the  ground-mass  of  the  granophyres.  It  is  some- 
what unfortunate  that  the  term  granophyre  should  have  been  used 
in  two  senses,  but  no  confusion  will  arise  if  we  remember  that  the 
granophyre  of  Vogelsang  comprises  the  micro-granite  as  well  as  the 
granophyre  of  Bosenbusch.  It  is  always  advisable  in  describing 
rocks  and  rock-structures  to  refer  to  typical  examples.  The  rock 
from  the  summit  of  Carrock  Fell,  Cumberland,  which  was  well 
described  by  Ward  ^  as  a  spherulitic  felsite,  is  a  most  beautiful 
granophyre,  as  that  term  is  employed  by  Bosenbusch.  The  ground- 
mass  sometimes  shows  the  micro-pegmatitic  structure  only,  and 
sometimes  the  pseudo-spherulitio ;  the  two  structures  often  co-exist 
and  together  they  produce  the  granophyric  structure  of  Bosenbusch. 
This  rock  is  also  interesting  on  account  of  the  presence  of  well- 
formed  crystals  of  a  monocliuic  pyroxene.  It  is  identical  with  the 
granophyre '  of  the  Fontaine  Laquainte,  Eirneckthal,  Dep.  des  Yosges, 
which  occurs  as  a  dyke  in  the  andalusit-homfels  of  that  district 

Between  the  micro- granites  and  granophyres  on  the  one  hand,  and 
the  vitrophyres  on  the  other,  we  have  a  group  of  rocks  (the  felso- 
phyres  of  Vogelsang)  about  which  the  most  diverse  opinions  have 
been  held.  It  is  with  reference  to  these  that  the  terms  micro-felsite 
and  crypto-crystalline  have  been  used.  They  can  be  defined  only 
by  employing  negative  characters.  Their  ground-mass  is  neither  a 
true  glass  nor  a  recognizable  i^gregate  of  crystalline  grains.  When 
examined  under  polarized  light,  it  may  or  may  not  appear  perfectly 
isotropia  If  isotropic,  it  is  distinguished  from  a  glass  by  the  fact 
that  it  appears  to  be  composed  of  ill-defined  flecks,  scales,  fibres,  and 
granules.  To  this  Bosenbusch  proposes  to  restrict  the  term  micro- 
^Isite,  and  there  is  no  doubt  that  if  this  proposition  be  generally 
accepted,  it  will  tend  to  facilitate  very  greatly  the  precise  description 
of  rooks  of  this  class.  If  not  isotropic,  then  it  is  distinguished  from 
the  micro-crystalline  ground-mass  by  the  apparent  absence  of  definite 
boundaries  to  the  doubly  refracting  particles.  The  term  crypto- 
crystalline  is  applied  to  this  structure. 

Now  in  dealing  with  this  crypto-crystalline  ground-mass,  we  ex- 
perience precisely  the  same  difficulties  as  those  experienced  by  the 
older  petrographers  in  dealing  with  the  felsitic  base.  The  introduc- 
tion of  the  microscope  has  not  removed  the  difficulties  ;  it  has  only 
^  Q.  J.  G.  S.  vol.  xxxii.  p.  20.  ^  Die  Steiger  Schiefer,  p.  345. 
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pushed  them  a  little  further  back.  Let  ns  endeavour  to  take  stock 
of  our  present  position  in  relation  to  this  subject. 

In  discussing  the  question  it  is  necessary  to  remember  that 
the  microscope  does  not  enable  ns  to  approach  the  limits  of  the 
molecular  world.  There  is  room  for  &  universe  of  phenomena,  so  to 
speak,  between  the  limit  of  microscopic  visibility  and  that  of  mole- 
cular structure.  Hence,  many  structures  and  modes  of  association 
in  minerals  which  we  observe  macroscopically  and  microscopically, 
as  well  as  others  which  we  cannot  observe,  may  exist  in  this  ultra- 
microscopic  universe.  Now  many  rocks  which  show  a  crypto- 
crystalline  structure,  when  examined  in  thick  sections  and  with  low 
powers,  may  be  resolved,  by  reducing  the  thickness  of  the  sections 
and  by  using  higher  powers,  either  into  a  micro-crystalline  aggregate 
or  into  doubly  refracting  particles,  and  a  glassy  or  micro- felsitio 
base.  If  the  doubly  refracting  particles  are  small  in  comparison 
with  the  thickness  of  the  slide,  then,  owing  to  their  superposition, 
they  will  give  rise  to  the  indefinite  aspect  under  crossed  Nicola 
which  is  the  special  characteristic  of  crypto-crystalline  matter. 

These  considerations  lead  us,  therefore,  to  the  conclusion  that  the 
term  crypto-crystalline  includes  different  things  and  is  useful  merely 
for  the  purpose  of  expressing  our  ignorance  as  to  the  precise  con- 
dition of  the  matter  to  which  it  is  applied.  It  is  an  expression  which 
is  rendered  necessary  in  consequence  of  imperfection  in  our  methods 
of  observation,  and  does  not  correspond  with  anything  definite  in  the 
nature  of  things.  It  is  a  subjective  and  not  an  objective  term,  and 
one  that  we  must  therefore  use  for  the  purpose  of  expressing  our 
ignorance,  and  not  for  the  purpose  of  concealing  it  In  concluding 
this  discussion  it  is  well  to  remark  that  the  felsophyres,  granophyres, 
and  micro- granites  cannot  be  distinguished  from  each  other  by 
macroscopic  examination.  All  that  we  can  do  in  the  field  is  to 
separate  the  quartz-porphyries  with  a  vitreous  from  those  with  a 
felsitic  ground-mass.  The  former  may  be  termed  vitrophyres,  while 
for  the  latter  our  own  term,  quartz-felsite,  is  very  appropriate. 

If  we  consider  the  porphyry  ground-mass  from  the  sstiological 
point  of  view,  then  we  have  to  recognize  the  fact  that  the  micro-  and 
crypto-crystalline  ground-masses  may  owe  their  double  refraction, 
either  to  crystallization  at  the  time  of  consolidation  or  to  the  sub- 
sequent devitrification  of  an  original  glassy  substance.  Perlitio 
structure,  so  far  as  we  know,  can  only  arise  during  the  consolidation 
of  a  glass,  and  we  may  therefore  fairly  conclude  with  Mr.  Allport ' 
and  others  that  rocks  which  show  this  structure  were  originally  in  the 
glassy  condition.  In  many  cases,  however,  a  perlitio  rock  will  split 
np  under  crossed  Nicols  into  a  micro-crystalline  aggregate.  So  far 
as  I  know,  we  have  at  present,  in  the  absence  of  perlitio  or  some 
other  structure  equally  characteristic  of  a  glass,  no  test  by  which 
we  can  distinguish  an  original  micro-  or  crypto-crystalline  ground- 
mass  from  one  which  has  been  produced  by  subsequent  devitrifica- 
tion.    Here  again  we  have  to  make  a  confession  of  ignorance. 

If  we  look  at  the  quartz-porphyries  in  their  relations  to  other 

1  On  De?itrified  Pitohstonee  and  Perlites  of  Shropshire,  Q.J.G.S.  vol.  xzxiii.  p.  449. 
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rooks,  we  see  that  they  shade  ofif  on  the  one  side  into  rhyolites,  and 
on  the  other  into  granites.  As  a  whole,  they  occupy  the  same  position 
in  the  acid  series  as  the  diabases  and  dolerites  in  the  basic  series ; 
they  are  intermediate  between  the  volcanic  and  the  pi  atonic  rocks, 
but  without  well-defined  limits. 

Tlie  subdivisions  as  well  as  the  general  relations  of  the  quartz- 
porphyries  may  be  expressed  as  follows  : 


Vohanie. 

Rhyolite. 

IntemuduUe, 
Flutmie, 

/  Vitrophyre 
Quartz- 
pokphyhy 

,  Qaartz-felsite 

Cbbtain  granites. 

Felsophyre. 
Granophyre. 
Micro-granite. 

I  now  proceed  to  give  a  description  of  the  ground-mass  of  the 
Cheviot  quartz- felsites.  Examined  by  ordinary  light  it  never  pre- 
sents the  appearance  of  a  true  glass.  Ill-defined  specks,  flecks, 
fibres,  and  scales  of  a  brownish  substance  (ferrite),  are  everywhere 
present  and  lie  superposed  over  each  other  in  the  thinnast 
sections.  As  a  rule  these  are  scattered  uniformly  throughout  the 
substance  of  the  ground-msiss,  but  in  some  instances  they  give 
rise  to  small  spherical  aggregates  exactly  as  in  certain  rhyolites 
from  Hungary  and  the  Ponza  Islands.  Under  crossed  Nicols  the 
ground-mass  is  seen  to  be  micro-  or  crypto-crystalline ;  no  portion 
appears  to  remain  dark  under  crossed  Nicols.  In  one  case  a  very 
interesting  structure  occurs.  The  ground-mass  presents  a  perfectly 
normal  appearance  when  examined  by  ordinary  light,  but  under 
crossed  Nicols  it  splits  up  into  a  coarse-grained  crystalline  aggregate. 
The  boundaries  of  the  different  doubly-refracting  grains  are  perfectly 
irregular,  and  are  not  recognizable  by  ordinary  light  Every  quartz 
crystal  in  the  rock  forms  the  nucleus  of  one  of  these  grains,  so  that 
the  space  suiTounding  it  extinguishes  simultaneously  with  the  crystal 
itself.  This  fact  seems  to  show  that  the  substance  which  has  deter- 
mined the  definite  optical  characters  of  the  ground-mass  is  quartz, 
although  other  substances  must  be  present  in  considerable  quantity. 
I  incline  to  the  view  that  we  have  here  a  case  of  true  devitrification ; 
but  as  there  are  no  structures  especially  characteristic  of  glass,  it 
seems  impossible  to  be  certain  on  this  point 

In  some  slides  the  pseudo-spherulitic  structure  may  be  detected  in 
places,  and  this  may  be  taken  as  indicating  an  approach  to  the  grano- 
phyric  structure  of  Rosenbusch. 

Mr.  Waller  kindly  analyzed  a  specimen  from  a  point  in  the  Coquet 
about  \  mile  above  Shillmoor  Farm,  with  the  following  result : 

8i02       67-9 

AI2O3     16-7 

Fe203     3-0 

CaO 1-4 

MgO       -^^ 1-6 

Na«0      "?r.     1-5 

K2O        6-6 

L088        3-7 
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In  addition  to  the  quartz-felsites  above  described,  tbere  are  others 
in  the  granitic  region ;  but  as  these,  at  any  rate  in  places,  appear  to 
me  to  be  of  the  nature  of  contemporaneous  Teins,  I  will  refer  to  such 
as  I  have  observed  in  describing  the  granitic  rocks. 

The  Augite-Biotitb-Gbamitb. 

It  has  long  been  known  that  in  the  sparsely  populated  but  by  no 
means  inhospitable  recesses  of  the  Cheviot  Hills  extensive  tracts  of 
granitic  rocks  occur.  The  precise  relations  of  these  rocks  to  the 
porphyrites  have  not  yet  been  described,  and  we  must  wait  until  the 
Survey  Maps  and  publications  are  out  before  we  can  obtain  detailed 
information  on  this  subject  My  own  knowledge  of  these  rocks,  as 
they  occur  in  the  field,  was  obtained  during  two  short  excursions ; 
one  to  Linhope  Spout,  the  other  involving  a  walk  from  Usway  Ford 
round  the  head-waters  of  the  Breamish,  by  Staindrop  Higg  and 
Hedgehope,  to  Langley  Ford  in  the  valley  of  the  Harthope  Bum. 
As  it  was  necessary  to  get  from  Usway  Ford  to  Wooler  in  one  day, 
there  was  no  time  available  for  a  search  for  junctions,  and  I  had  to 
content  myself  with  collecting  specimens  of  soch  rocks  as  came  in 
my  way. 

The  principal  interest  attaching  to  these  rocks  centres  in  the  fact 
that  they  present  us  with  a  type  hitherto  unknown  in  Britain,  and 
by  no  means  widely  recognized  in  other  parts  of  the  world. 
They  are  true  augite-bearing  granites  similar  in  all  essential  re- 
spects to  the  augite-granite  of  Laveline  in  the  Vosges,  described  by 
Eosenbusch,^  and  that  of  Oberbruck  also  in  the  Yosges,  described 
by  Cohen.*  Prof.  Bosenbusch  has  seen  my  specimens,  and  agrees 
with  me  in  my  determination ;  he  has  also  very  kindly  supplied  me 
with  specimens  of  the  rocks  from  Laveline  and  Oberbruck. 

As  the  augite  is  the  most  interesting  constituent,  I  will  describe 
it  before  proceeding  to  refer  to  the  rocks  in  which  it  occurs.  It  is 
present  in  the  form  of  irregular  grains,  granular  aggregates,  and 
sometimes,  though  rarely,  in  more  or  less  definite  crystals.  It  is 
almost  colourless  in  thin  section,  exhibiting  only  a  slight  inclination 
to  a  pale  green  tint.  Inclusions  of  magnetite  are  not  uncommon. 
Cross  sections  show  the  characteristic  cleavages  of  augite,  and 
longitudinal  sections  give  a  maximum  extinction  of  43°  or  44°. 
Twinning  may  occasionally  be  observed.  Alteration  tends  to 
develope  serpentinous  and  not  chloritic  products,  and  the  separation 
of  iron-oxide  appears  to  accompany  the  change.  In  appearance  the 
mineral  is  identical  with  the  augite  of  the  Vosges  rocks  above 
referred  to,  and  we  may  safely  conclude  that  it  has  an  analogous 
composition. 

Dr.  Alphonse  Merian'  has  recently  isolated  and  analyzed  the 
augite  of  the  Laveline  rock,  and  he  finds  that  it  possesses  the 
following  composition : — 

1  Z.  D.  G.  G.  1876,  p.  369.  »  Neues  Jahr.  1883,  toI.  i.  p.  200. 

'  Studien  an  gesteinsbildenden  Pyroxenen.  Neues  Jahrbuch  III.  Beilage  Band, 
p.  262. 
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•50 

•79 


99-84 
8p.  Gr.  3-372. 

It  18  therefore  a  non-aluminous  iron -bearing  augite  of  the  diopside 
type  allied  to  the  augite  of  the  augite-syenites.  The  tendency  of 
the  mineral  to  pass  into  serpentinous  rather  than  chloritic  alteration 
products  is  of  course  due  to  the  absence  of  alumina. 

I  now  proceed  to  describe  the  rocks  in  which  the  above  mineral 
occurs.  ITiey  are  usually  coarse-grained,  holocrystalline,  non- 
porphyritic  rocks,  which  vary  considerably  in  aspect  and  in  the 
relative  proportions  of  the  different  constituents.  Some  of  the 
varieties  are  dark  and  syenitic-looking ;  others  resemble  a  grey  ot 
pink  granite  of  normal  aspect.  Owing  to  the  variability  of  the 
rocks,  it  will  be  advisable  to  describe  the  special  types  which  have 
been  examined. 

Linhope  Bum^  J  mile  above  Linhope  Farm. — A  dark-coloured  syenitic- 
looking  variety,  composed  of  orthoclase,  plagioclase,  with  low  ex- 
tiuction  angles,  quai-tz,  augite,  biotite,  magnetite,  apatite  and  serpen- 
tinous alteration  products.  Felspars  of  both  kinds  very  abundant. 
Augite  well  represented.     Quartz  in  moderate  quantity. 

Linhope  Spout — In  the  immediate  neighbourhood  of  the  waterfall 
several  very  interesting  rocks  may  be  observed.  The  augite-granite 
is  here  traversed  by  dykes  and  veins  of  quartz-felsite,  which  some- 
times show  under  the  microscope  the  micro-granitic,  at  other  times 
the  granophyric  structures,  lliese  two  structures  often  co-exist  in 
the  same  slide,  but  as  a  rule  one  or  other  predominates.  Biotite  and 
augite  are  occasionally  present,  but  the  latter  mineral  is  decidedly 
rare.  I  incline  to  the  view  that  these  are  of  the  nature  of  con- 
temporaneous veins,  and  if  so,  a  very  interesting  conclusion,  which 
will  be  referred  to  later  on,  may  be  drawn  from  this  fact  They  are 
evidently  more  acid  in  composition  than  the  normal  rock.  The 
augite-granite  of  Linhope  Spout  is  a  coarse-grained  rock,  in  which 
flesh-coloured  orthoclase,  light-coloured  plagioclase,  biotite  and  a 
dark  green  mineral  (the  augite)  may  be  recognized  by  macro- 
scopic examination.  Under  the  microscope  quartz  is  seen  to  occur 
abundantly,  the  augite  may  be  identified,  and  magnetite  and  apatite 
may  be  recognized.  One  very  interesting  feature  is  the  tendency 
of  the  quartz  and  felspar  to  form  micro- pegmatite.  This  is  also 
noticeable  in  the  augite-granites  of  the  Vosgt^s,  and  it  may  there- 
fore be  regarded  as  a  characteristic  feature  of  this  class  of  rocks. 

Staindrop  Bigg, — On  the  high  ground  between  the  Het  Bum  and 
Staindrop  Burn  there  are  two  conspicuous  craggy  bosses  of  a  greyish 
granite.     These  form  Staindrop  Eigg.     A  similar  rock  occurs  low 
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down  to  the  S.E.  of  this  exposure,  so  that  in  all  probability  it  forms 
an  extensive  tract  in  this  distnot  Examination  with  a  hand  lens 
enables  one  to  recognize  easily  a  pink  potnsh  felspar,  a  light-coloured 
almost  white  plagioelnse,  biotite  and  quartz.  The  felspars  sometimes 
measure  ^  of  an  inch  across,  and  so  give  the  rock  a  slight  porphyritio 
aspect-  They  may  be  easily  isolated  and  examined  by  Szabo's 
method.  I  give  below  the  results  of  my  own  examination  of  these 
felspars  and  also  those  obtained  by  myself  and  Dr.  Szabo  on  some 
typical  felspars. 

Examination  of  Felspars  bt  Szabo' s  Method. 
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A,  OligoclaseTwedstrand  (Teall). 

B,  Oli^Iase  (Szabo). 

C,  Anmsine  (Sxabo). 

2>.  Andesme,  Scourie  Dyke  (Teall). 
£,  Plagioclase,  granite,  Staindrop  Rigg  (Teall). 
jF.  Orthoclase,  granite,  Staindrop  Rigg  (Teall). 
O,  Perthite  groap  (Szabo). 

Mr.  Waller,  of  Birmingham,  appears  to  have  been  tlae  first 
observer  who  applied  Szabo's  method  to  the  practical  determination 
of  minerals  in  this  country,  and  I  am  indebted  to  that  gentleman 
for  instruction  in  the  working  of  the  method.  There  is  no  doubt 
that  it  is  a  quick  and  reliable  method  for  obtaining  very  valuable 
information  as  to  the  nature  of  the  constituents  of  rocks.  The  above 
experiments  prove  clearly  that  the  plagioclase  belongs  to  the  oligo« 
clase-andesine  group  and  the  potash  felspar  to  the  perthite  group  of 
Szabo ;  a  group  which  is  characterized  by  the  presence  of  from  4 
to  6  per  cent  of  soda.' 

The  two  felspars  occur  in  about  equal  proportions  in  the  rock 
from  Staindrop  Rigg.  Augite  and  magnetite  may  be  recognized 
under  the  microscope,  but  they  are  far  less  abundant  than  in  the 
syenitic-looking  vaneties  from  Linhope  Spout.  Quartz  on  the  other 
hand  is  more  abundant.  The  microstructure  of  the  rook  is  thoroughly 
granitic.     Narrow  contemporaneous  veins  of  quartz  and  felspar  with 

^  In  is  interesting  to  note  that  the  angite-s^enites  and  their  porphyritic  equivalents 
of  the  Christiania  district  contain  felspar  rich  in  soda  which  appears  to  be  sometimes 
monoclinic  and  sometimes  triclinic,  with  a  cleavage  angle  differing  but  slightly  ft'om 
90**.  Brogger  has  described  these  two  forms  in  great  detail  (Die  Silanschen 
Etagen  2  und  3,  p.  203,  et  seq.).  He  names  them  soda-orthoclase  and  soda- 
microcline. 
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very  little  biotite  may  be  observed  in  the  mass  of  the  rock  at 
Staindrop  Eigg. 

Comb  Fell, — I  collected  several  specimens  from  the  western  side 
of  Comb  Fell.  They  are  all  varieties  of  a  pinkish  biotite  granite, 
in  which  orthoclase  appears  to  be  the  dominant  felspar.  Augite  is 
present  only  in  very  small  quantity. 

Sedgehape, — This  mountain  is  largely  if  not  entirely  composed  of 
granite.  Specimens  from  the  eastern  side  are  similar  in  character 
to  those  from  Staindrop  and  therefore  require  no  special  description. 

In  taking  a  general  view  of  the  holocrystalline  granitic  rocks  of 
the  Cheviot  District  one  fact  stands  out  in  a  prominent  manner. 
They  are  by  no  means  uniform  in  composition.  Some  are  rich  in 
basic  minerals,  others  are  comparatively  poor ;  some  contain  plagio- 
clase,  others  a  soda-orthoclase,  as  the  dominating  felspar.  The  dif- 
ferent varieties  do  not  appear  to  be  in  all  cases  sharply  separated 
from  each  other.  A  possible  explanation  of  this  variability  will  be 
referred  to  later  on. 

Comparison  of  the  Cheviot  AuoiTB-OBANrrBS  with  allied 

BOOKS  OF   OTHER  DlSTRIOTS. 

The  occurrence  of  angite  rocks  containing  quartz  and  orthoclase  is 
such  a  striking  violation  of  one  of  Breithaupt*s  laws  of  paragenesis 
as  to  give  these  Cheviot  granites  a  special  interest. 

This  occurrence  was  first  recognized  according  to  Kosenbusch  V 
by  Vom  Kath  in  the  case  of  a  quartz-porphyry  from  Campiglia 
(Tuscany),  which  contains  orthoclase,  plagioclase,  augite,  magnetite, 
mica,  and  quartz.  In  North  Saxony,  near  Leipzig,  there  is  an  exten* 
sive  development  of  augite-bearing  quart z-porphyries.  These  rocks 
have  been  investigated  by  Tschermak,  Naumann,  Kalkowsky,  Bosen* 
busch,  and  Penck.  They  are  classed  with  the  upper  portion  of  the 
middle  Rothliegende  by  the  last-mentioned  author.'  Kosenbusch' 
has  identified  a  rhombic  as  well  as  a  monoclinic  pyroxene  in  these 
rooks,  and  I  may  mention  that  in  one  case  I  observed  in  a  Cheviot 
granite  a  mineral  that  was  most  probably  enstatite  or  bronzite. 

Then  again  there  are  the  remarkable  pyroxene-granulites  of  the 
li^ranulitic  region  of  Tuscany  which  have  been  descriljed  by  Stelzner,* 
Dathe,^  and  Lehmann.'  These  have  been  divided  by  Dathe  into 
orthoclase-  and  plagioclase-diallage-granulites,  according  to  the 
nature  of  the  dominant  felspar.  They  contain  monoclinic  and 
rhombic  pyroxenes,  and  in  this  respect  resemble  the  quartz- porphyries 
of  North  Saxony.  Until  recently  they  have  always  been  regarded 
as  Archaean,  but  the  work  of  Dr.  Lehmann  has  destroyed  much  of 
the  evidence  on  which  this  conclusion  was  based. 

In  the  same  connexion  we  must  mention  the  quartz-less  augite- 
syenites  of  Monzoni,  described  by  Vom  Rath,^  and  those  of  Norway 

^  Hasdge  Gesteine,  p.  58. 

^  Die  pyroxen-fuhrenden  Gesteine  dee  nord-sachsiohen  Porphyrgebietes,  Min. 
Hitth.  1881,  p.  72.  '  Massige  Gesteine,  p.  58. 

*  Neues  Jahr.  1871,  p.  246.  »  Z.  D.  G.  G.  1877,  p.  286. 

*  Die  Entstehung  der  alt-krystaUiniscben  Schiefer-geateine,  p.  228. 
^  Z.  D.  G.  G.  1876,  Zi^m. 
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described  by  many  observers,  but  especially  by  Br  gger.*  The 
orthoclase  in  these  rocks,  like  that  of  the  Cheviot  granites,  is  rich  in 
soda.  The  augite-granites  of  the  Vosges  have  been  already  referred  to, 
and  as  they  are  very  closely  related  to  the  Cheviot  rocks,  it  is  necessary 
to  quote  their  analyses. 
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I.*  Augjte- Granite  from  Laveline.     Sp.  Gr.  2*723. 
II.'  Augite-granite  from  Oberbruck.    Analyses  by  Werveke. 

Bosenbusch^  has  also  recognized  fresh  pyroxene  in  the  Vosges, 
porphyries  of  Etival,  Bothau,  Rochesson,  and  in  a  rock  which  is 
sometimes  a  quartz-porphyry  and  sometimes  a  granite  from  the 
Titisee  in  the  Schwartzwald.  He  remarks  that  the  mineral  is  absent 
as  a  rule  from  massive  granites,  but  that  he  has  observed  it 
abundantly  in  one  case,  viz.  that  of  a  rock  from  the  Julier  Pass. 

Mutual  Belatioms  of  the  Igneous  Books  of  the  Cheviot 

District. 

The  facts,  so  far  as  they  are  known  at  present,  appear  to  show 
that  the  first  period  of  volcanic  activity  in  this  district  was  marked 
by  the  eruption  of  immense  quantities  of  andesitic  lava  and  tuff. 

The  andesites  fall  into  three  groups,  characterized  respectively  by 
the  minerals  hypersthene  (bronzite),  augite,  and  mica.  Most  of 
them  are  now  much  altered,  and  to  these  altered  forms  I  have 
restricted  the  term  porphyrite.  The  presence  of  tuffs,  vesicular 
and  amygdaloidal  varieties  of  lava,  and  actual  evidences  of  flow, 
proves  that  the  conditions  of  eruption  were  substantially  identical 
with  those  of  modem  times. 

The  eruption  of  andesitic  material  was  followed  by  the  intrusion 
of  quartz-felsite  dykes.  If  the  magma  which  product  these  dykes 
ever  reached  the  surface,  it  must  unquestionably  have  formed 
rhyolites  and  rhyolitic  tuffs.  Do  such  rocks  occur  anywhere 
in  the  Cheviot  District?  The  dykes  of  quartz-felsite  occur  in  the 
porphyrite  region,  so  that  we  have  conclusive  evidence  to  show  that 
the  eruption  of  acid  followed  that  of  andesitic  material  in  the 
history  of  the  Cheviot  Old  Bed  Sandstone  volcanoes. 

The  intrusion  of  quartz-felsite  dykes  appears  to  have  been  the 
concluding  phase  of  the  volcanic  activity  of  Old  Bed  Sandstone 
times ;  for  such  dykes  as  those  of  Acklinton,  which  cut  the  Carbon- 

*  Die  siluriscben  Etafen  2  nnd  3. 

'  Studien  an  gesteinsbildenden  Pyroxenen,  Merian. 

»  Neues  Jahr.  1883.  I.  201.  *  Z.D.G.G.  1876,  p.  369. 
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iferous  rocks  of  North  Northumberland  as  well  as  the  igneous  rocks 
of  the  Cheviot  district,  and  are  intermediate  in  composition  between 
basalts  and  andesites,  may  be  referred  with  a  considerable  amount  of 
confidence  to  the  Tertiary  period. 

In  the  present  communication  it  has  been  shown  that  the  district 
about  Hedgehope,  Comb  Fell,  ^^indrop  and  Linhope  Spout  is 
occupied  by  holocrystalline,  non-porphyritic  rocks  of  the  plutonio 
type.  Are  these  rocks  due  to  the  consolidation,  beneath  the  surface, 
of  the  magma  which  produced  the  andesitic  lavas  and  tufifs  ?  Do 
they  occupy  the  same  position  in  relation  to  the  Cheviot  lavas  as  the 
gabbros  and  granites  of  Mull  do  to  the  lavas  of  Mull  according  to 
Prof.  Judd  ?  The  evidence  available  is  not  so  complete  as  we  could 
wish,  but,  such  as  it  is,  it  points  decidedly  to  an  affirmative  answer  to 
the  above  questions. 

The  augite-grauites  are  evidently  not  characterized  by  a  high 
percentage  of  silica.  Some  of  them  strongly  resemble  syenites  in 
appearance;  but  as  quartz  is  present  in  all  my  specimens,  the  term 
syenite  cannot  be  applied  to  any  of  them.  True  augite-syenites 
may  of  course  occur  in  the  district,  as  my  observations  were  necessarily 
of  a  very  limited  character.  The  analyses  of  the  Vosges  augite- 
granites  show  that  these  rooks  belong  to  the  intermediate,  rather 
than  to  the  acid  class ;  and  that  the  bases,  if  we  except  the  alkalies, 
are  present  in-  approximately  the  same  relative  proportions  as  in  the 
Cheviot  lavas.  With  regard  to  the  alkalies,  I  would  remark  that  we 
have  no  analyses  of  the  Cheviot  plutonic  rocks ;  but  it  is  certain  that 
the  orthoclase  is  rich  in  soda,  and  that  plagioclase  of  the  oligodase- 
andesine  type  is  sometimes  present  in  greater  quantity  than  the 
orthoclase.  I  have  little  doubt  that  in  some  of  the  plutonic  rocks 
the  relative  proportions  of  the  two  alkalies  is  the  same  as  in  the 
normal  andesites.  Again,  Mr.  Waller's  analysis  of  a  porphyrite  from 
Shillmoor  *  shows  an  excess  of  potash  over  soda. 

There  is  another  point  in  ctmnexion  with  the  volcanic  history  of 
the  Cheviot  district  in  Old  Red  Sandstone  times  which  seems  worthy 
of  special  attention.  Why  did  the  quartz- felsites  sucoeed  the 
andesites  ? 

One  of  the  most  fascinating  problems  of  geology  is  to  account  for 
the  variation  in  the  composition  of  the  material  erupted  at  different 
periods  in  the  volcanic  history  of  a  district.  Now  in  considering  the 
possible  causes  of  this  variation  careful  attention  should  be  paid  to 
the  changes  brought  about  in  the  composition  of  a  magma  by  thQ 
successive  crystallization  of  different  constituents. 

Information  on  this  subject  may  be  obtained  in  at  least  three 
different  ways  :  (1)  by  observing  the  order  in  which  minerals  have 
crystallized  in  different  magmas ;  (2)  by  examining  the  chemical  and 
mineralogical  composition  of  the  ground- masses  of  porphyritic  rooks  ; 
(3)  by  examining  the  so-called  contemporaneous  veins  which  are 
especially  characteristic  of  plutonic  rocks. 

Prof.  Rosenbusch  ^  and  others  have  shown  that  as  a  general  rule 

1  Geol.  Mao.  Dec.  II.  Vol.  X.  p.  161. 

2  Neues  Jahr.  1882,  IL  p.  U 
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the  minerals  separate  out  in  the  order  of  their  basicity ;  the  more 
basic  minerals,  or  those  which  do  not  contain  silica,  being  the  first 
to  form.  This  being  admitted,  we  see  at  once  that  the  tendency  of 
the  progressive  crystallization  must  be  to  render  the  magma  more 
and  more  acid. 

Dr.  Petersen  has  isolated  and  analyzed  the  glassy  base  of  the 
Cheviot  hypersthene-andesite  and  the  devitrified  base  of  a  porphy- 
xite  from  Allerhope  Burn.  His  analyses  appear  to  me  to  have  such 
an  important  bearing  on  the  sequence  of  volcanic  phenomena  in  the 
Cheviot  district  that  I  quote  them  below,  together  with  two  analyses 
of  the  Cheviot  lavas. 

They  show  that  the  ground-mass  is  richer  in  silica  and  alkalies, 
and  that  the  ratio  of  potash  to  soda  is  much  greater  in  the  ground- 
mass  than  in  the  rock  as  a  whole. 

SiO, 

AljOa 

FejOs      ... 

FeO 

CaO 

MgO        ... 

KaO 

Na»0 

HaO 

99-07  99-82  98-51  97*36 

Sp.Gr.  2'437  2*640  2'648 

I.  GlasB^  base.     Hypersthene-andedte. 

I I .  Devitrified  base.    Porphyrite.     Allerbope  Burn. 

III.  Hypersthene-andesite.    Carbope  on  Coquet. 

IV.  Porphyrite,  J  mile  above  Shillmoor  Farm. 

Mr.  Stock  *  has  shown  that  the  ground-mass  of  the  Cockfield  dyke 
is  also  richer  in  silica  than  the  normal  rock.  Mr.  Waller,  of 
Birmingham,  has  recently  investigated  certain  contemporaneous 
veins  in  the  bronzite-diabase  of  Penmaenmawr.  He  finds  that 
they  contain  6|  per  cent.^  more  silica  than  the  rock  in  which  they 
occur,  and  that  potash  is  present  in  excess  of  soda,  whereas  the 
reverse  relation  holds  in  the  rock  itself.  These  veins  then  bear 
precisely  the  same  relation  to  the  parent  rock  as  the  ground-mass 
of  the  Cheviot  andesite  does  to  the  mass  of  the  andesit^. 

There  are  veins  in  the  Rowley  Rag  basalt,  also  described  by  Mr. 
Waller,  which  contain  9  per  cent  more  silica  than  the  rock,  and 
possess  as  much  as  11  per  cent,  of  alkalies. 

,   From  these  and  other  facts  which  need  not  be  here  enumerated, 
we  may  safely  draw  the  general  conclusion  that  the  effect  of  pro- 

>  North  of  England  Dykes,  Q.J.G.S.  1884,  p.  226. 

'  Midland  Naturalist,  1886,  p.  6.  Compare  the  concretionary  (f)  patches  (0,^. 
certain  inclusions  in  granite  described  by  Mr.  Phillips.  Q.  J.G.S.,  vol.  xxivi  p.  1, 
and  the  nodules  of  peridotite  in  basalt)  with  tiie  so-called  contemporaneous  veins. 
The  former  are  as  a  rule  more  basic,  the  latter  more  acid  than  the  normal  rock. 
The  former  may  represent  the  earliest,  the  latter  certainly  represent  in  many  cases 
the  latest  products  of  consolidation  of  an  originally  homogeneous  magma. 
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gressive  orjstallization  is  to  increase  the  percentage  of  silica  and 
alkalies,  to  increase  the  potash  relatively  to  the  soda,  and  to  ditninish 
the  lime,  iron,  and  magnesia  in  the  liquid  magma.  Kocks  of  rhyolitio 
composition  may  i-epresent,  so  to  speak,  the  mother-liquor  out  of 
which  the  basic  minerals  have  crystallized. 

Suppose,  now,  that  the  crystallization  occurs  under  conditions 
which  admit  of  the  mechanical  separation  by  gravity  of  the  crystals 
and  the  magma  in  which  they  are  formed.  This  would  give  rise  to 
some  very  interesting  results.^ 

Consider  the  case  of  an  internal  reservoir  of  molten-rock,  and  for 
the  sake  of  simplicity,  suppose  the  conditions  of  crystallization  to  be 
realized  in  the  upper  portion.  The  basic  minerals  will  foim  and 
then  fall  by  reason  of  their  high  specific  gravity.'  On  descending  to 
lower  levels,  they  may  be  dissolved,  and  thus  a  variation  in  the  com- 
position of  the  originally  homogeneous  magma  may  be  produced. 
DiflFnsion  will  tend  to  restore  homogeneity ;  but  the  above  cause,  operat- 
ing in  the  contrary  direction,  may  be  the  more  potent  of  the  two, 
and  if  so,  a  permanent  di£ferenoe  in  composition  will  be  established. 
When  final  consolidation  occurs,  a  mass  will  be  produced  which  will 
vary  in  composition  from  top  to  bottom;  the  most  acid  portion 
occurring  in  the  former,  the  most  basic  in  the  latter  position.  In  the 
Cheviot  district  the  augite  granites  vary  considerably  in  composition 
and  different  varieties  sometimes  appear  to  shade  into  each  other. 
The  same  feature  may  be  observed  in  rooks  which  1  cannot  but 
regard  as  igneous,  in  the  Carrock  Fell  region  in  Cumberland.  The 
highly  basic  gabbros  of  Mosedale  Crags  appear  to  shade  into  the 

>  Separation  may  be  effected  without  rrayity.  Suppose  a  half-consolidated 
plutonic  mass  to  become  subject  to  the  lateral  thrust  of  which  there  is  such  striking 
eridenoe  in  certain  districts.  The  mother-liquor  may  be  sqneesed  out  of  the  rock  as 
water  out  of  a  sponge.  In  this  way  contemporaneous  veins  might  be  produced  in  the 
plutonic  rock,  dykes  in  the  surrounding  rock,  and  lavas  at  the  surface. 

*  The  subject  of  the  separation  of  crystals  in  a  molten  magma  has  been  discussed  by 
many  writers.  It  is  important  to  notice  that  it  must  occur  if  there  be  any  difference' 
between  the  specific  gravity  of  the  crystals  and  that  of  the  magma  in  which  they  exist.  . 
The  only  question  that  can  arise  is  as  to  the  geolodcal  significance  of  the  opeoration. 
Mr.  Darwin  deals  with  the  subject  in  his  Geological  Observations  (2nd  edition, 
p.  13*2),  where  he  describes  certain  phenomena  in  the  Galapagos  Islands  which  he 
attributes  to  this  cause.  He  also  quotes  a  statement  from  Yon  Buch  that  M.  Dr6e 
fuund,  on  melting  lava,  that  the  felspars  always  tended  to  fall  to  the  bottom  of  the 
crucible.  The  Pattison  process  for  separating  lead  from  silver  is  mentioned  by 
Mr.  Darwin/  and  it  certamly  has  a  very  interesting  bearing  on  the  subject  under 
consideration. 

Again,  Mr.  Clarence  King  (Systematic  Geology,  p.  678)  says:  ** During  an 
eruption  in  the  crater  of  Kilauea  at  the  time  of  my  visit,  a  fluid  stream  of  basalt 
overflowed  from  the  molten  lake  at  the  west  end  of  the  crater  and  poured  eastward 
along  the  level  floor  of  the  pit.  Numerous  little  branchlets  spurted  out  from  the 
sides  of  the  flow  and  ran  along  the  depressions  of  the  basaltic  floor,  for  a  few  feet 
and  then  congealed.  I  repeatedly  broke  these  small  branch  streams  and  examined 
their  section.  In  every  case  the  bottom  of  the  flow  was  thickly  crowded  with 
tricUnic  felspars  and  augites,  while  the  whole  upper  part  of  the  stream  was  of  neariy 
pure  isotropic  and  acid  ^lass.'*  The  sinking  uf  felspars  in  a  basaltic  manna  strikea. 
one  at  first  sight  as  an  impossibility ;  but  the  observations  of  Darwin  ana  King  and 
the  experiments  of  M .  Dree  appear  to  prove  the  fact  in  a  conclusive  manner.  We 
nrust  infer,  therefore,  that  the  bpecific  gravity  of  the  molten  magma  is  less  than  that 
of  the  fel^aiB. 
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acid  granophyres  of  the  summit  of  the  hill.  Is  it  possible  that 
these  faots  may  be  due  to  an  action  of  the  kind  above  referred  to  ? 

The  point,  however,  to  which  I  wish  to  direct  special  attention  is 
this.  The  eruption  of  andesitio  lavas  and  tuffs  in  the  Cheviot 
district  was  followed  by  the  intrusion  of  quartz- felsite  dykes.  The 
phitonio  rocks  of  this  district  are  traversed  by  veins  of  quart z-felsite. 
If  these  veins  be  of  the  nature  of  contemporaneous  veins,  as  I  believe 
them  to  be,  at  any  rate  in  part,  then  they  owe  their  special  chemical 
characters  to  progressive  crystallization  in  a  magma  of  andesitio 
composition,  and  we  may  see  in  this  a  reason  why  quartz-fel sites 
succeeded  andesites  in  the  history  of  the  Cljeviot  volcanoes,  lliis 
view  receives  strong  confirmation  from  the  fact  that  the  ground-mass 
of  the  andesitio  lavas  is  substantially  identical  in  composition  with 
the  quartz-felsites ;  as  will  be  seen  at  once  by  comparing  the  two 
analyses  by  Dr.  Petersen  with  the  analysis  of  the  quartz-felsite  by 
Mr.  Waller,  which  is  given  in  the  earlier  part  of  this  paper. 

If  we  compare  the  history  of  volcanic  action  in  the  Cheviots  with 
that  of  other  districts,  we  are  struck  by  many  points  of  resemblance. 
The  succession,  andesite,  trachyte,  rhyolite,  is  common  to  many 
volcanic  regions,  including  Hungary,  the  Lipari  Islands,  and  North 
America.^ 

The  sequence  of  volcanic  rocks  is,  however,  usually  complicated 
by  the  introduction  of  basalt  during  the  later  phases  of  volcanic 
activity,  a  fact  which  shows  that  the  view  adopted  for  the  purpose 
of  explaining  the  volcanic  sequence  in  the  Cheviot  district  is  not  in 
itself  sufficient  to  cover  all  cases.  Doubtless,  as  Captain  Duttou  has 
pointed  out,  many  factors  are  involved  in  the  determination  of  the 
sequence. 

The  phenomena  of  the  Lipari  Islands,  so  admirably  described  by 
Prof.  Judd,*  furnish  a  very  interesting  case.  The  first  period  of 
activity  in  this  region  appears  to  have  been  characterized  by  the 
eruption  of  andesitio  material.  Then,  as  time  went  on,  the  products 
diverged,  as  far  as  composition  is  concerned,  in  opposite  directions, 
and  in  modern  times  we  see  Stromboli  erupting  basic  and  Vulcano 
acid  material.  The  sequence  can  be  explained  if  we  regard  the  pro- 
ducts of  Vulcano  as  formed  from  the  mother-liquor  and  those  of 
Stromboli  as  resulting  from  the  refusion  of  the  basic  minerals  which 
have  separated  out  of  it 

There  is  one  interesting  point,  almost  of  the  nature  of  a  paradox, 
to  which  attention  has  frequently  been  directed,  but  which  it  seems 
advisable  to  refer  to  in  connexion  with  the  present  subject  The 
fusion  point  of  basic  rocks  is  lower  than  that  of  acid  rocks,  and  yet 
minerals  separate  out  as  a  general  rule  in  the  order  of  their  basicity, 
the  more  basic  being  the  first  to  form.    How  is  this  to  be  explained  ? 

^  Propylite,  the  rock  which  has  long  heen  supposed  to  mark  the  first  period  of 
Tolcanic  action  in  Tertiary  times,  has  been  shown  by  the  recent  work  of  Dr.  Becker 
(Geology  of  the  Comstock  Lode)  to  comprise,  in  America,  altered  forms  of  well- 
known  rocks,  especially  andesite,  and  a  similar  conclusion  had  been  prerionsly 
arrived  at  by  Dr.  Wadsworth. 

*  Gbol.  Mao.  1875. 
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A  complete  and  satisfactory  answer  to  this  question  remains  to  be 
discovered;  but  there  are  one  or  two  facts  of  great  significance 
which  bear  upon  it.  In  the  first  place,  we  notice  that  there  is  no 
connexion  between  the  temperature  at  which  a  mineral  separates 
from  a  magma  in  which  its  constituents  are  held  in.  solution,  and 
its  own  fusibility  further  than  this — that  no  mineral  can  form  at 
a  higher  temperature  •  than  its  own '  fusing  point.  Graphite,  one 
of  the  most  infusible  substances,  crystallizes  out  of  molten  iron. 
Quartz  must  constantly  form  at  a  point  far  below  that  of  its  own 
fusibility.  Then,  again,  there  is  the  great  question,  first  brought 
into  prominence  by  Scrope,  as  to  the  influence  of  water  in  determin- 
ing the  liquidity  of  lavas.  Dr.  Petersen  has  shown  that  the  glassy 
base  of  the  Cheviot  hypersthene-andesite  is  rich  in  water;  the 
devitrified  base,  on  the  other  hand,  is  poor  in  water. 

The  whole  subject  discussed  in  the  last  part  of  this  paper  is  one 
of  great  interest ;  but  we  must  be  content  to  wait  for  a  further 
accumulation  of  facts  before  a  perfectly  definite  judgment  can 
be  formed.  To  those  who  collect  and  arrange  these  facts  so  as  to 
remove  the  subject  from  the  region  of  controversy  will  belong  the 
chief  merit  of  discovery. 


III.— CONTBIBUTIONS     TO    THB    PaLJBONTOLOGY    OF    THE    YORKSlIlRl 

Oolites. 

By  WiLFEiD    H.    HtJDLBSTON,    M.A.,    F.R.S.,   F.G.S. 

(Contiiiued  from  Decade  III.  Vol.  II.  p.  59.) 

(PLATE   III.) 

74. — ^Trochus  MONILITE0TU8,  Phillips,  1829.     Plate  m.  Figs.  1, 

IdTlt. 

1829  and  1835.     Troehus  nwnilUectuB,  Beau;    Phillips,  6  Y.,  p.   123  (p.  165  as 

T.  mmiliferu8j  P.),  pi.  ix.  fig.  33. 
1849.  T.  moni/iteetut,  Phil. ;  D'Orbigny,,  Prod.  p.  265.    Et.  Bajoc. 

1854.  I6id.        Phil. ;  Morr.  Cat,  p.  281. 

1875.  Ibid,        Bean ;  Phillips,  G.  Y.,  3rd  ed.  p.  269,  pi.  ix.  fig.  33, 

Bibliography,  etc. — This  somewhat  insignificant  fossil  approaches 
several  of  the  small  granulated  or  tuberculated  species  of  Trochua 
(or  Monodonta)^  which  are  distinguished  by  a  completely  conical 
outline,  resulting  from  a  close  suture  and  perfect  flatness  of  the 
whorls.  Although  without  description,  Phillips's  figure  is  character- 
istic, and  it  is  somewhat  singular  that  this  species  was  not  recognized 
by  D'Orbigny  amongst  the  fossils  of  the  French  Jurassic.  The 
typical  form  is  confined,  in  Yorkshire,  so  far  as  I  know,  to  the 
Scarborough  Limestone  (zone  3),  where  it  is  rare,  and,  for  the  most 
part,  so  imperfectly  preserved,  that  accurate  description  is  a  matter 
of  some  difficulty. 

A.  single  specimen  referred  to  T.  monilitectus  from  the  Combrash 
of  Scarborough  is  in  the  Leokenby  Collection.  It  presents  certain 
differences  of  ornamentation,  and  will  be  described  as  var.  B.  To 
recognize  a  distinct  species  founded  on  a  single  specimen  would  be 
imprudent,  when  the  differences  are  not  great  Should  more  specimena 
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of  var.  B.  be  found,  either  in  Yorkshire  or  elsewhere,  the  case  would 
be  altered.  Phillips's  type  may  be  examined  in  the  York  Museum. 
Descriptions,— 'The  usual  Form.  Specimen  from  the  SoarborougU 
Limestone  (zone  3),  Cloughton  (?),  Bean  Collection,  British  Museum. 
Figs,  1,  la,  16. 

Height 8  millimetres. 

Width    ; 7*6         „ 

Spiral  anjrle 60°. 

Ratio  of  body-whorl  to  entire  shell    36  :  100. 

Shell  small,  conical,  imperforate.  The  spire  increases  under  a 
very  regular  angle,  and  is  nearly  equilateral.  Whorls  perfectly  flat, 
suture  extremely  close  (so  close  that  it  is  not  easy  to  count  the  number 
of  whorls).  The  ornaments  consist  of  five  (?)  equal  spiral  bands 
which  are  rather  close  together  and  evenly  tuberculated,  the  tubercles 
or  granules  being  nearly  circular,  or  at  least  only  slightly  drawn  out 
spirally ;  the  body- whorl  possesses  four  of  these  tuberculated  spirals, 
together  with  a  thicker  belt  constituting  the  basal  periphery. 

Base  nearly  flat,  outer  area  spirally  striated ;  columeliar  area 
nearly  smooth,  or  only  marked  with  faint  radial  lines.  Aperture 
rhomboidal  and  depressed,  with  a  very  short  columella,  which 
possesses  indications  which  might  be  interpreted  as  representing  a 
tooth. 

Vabikty  B. — Specimen  from  the  Combrash  (zone  4),  Scarborough. 
Leckenby  Collection.    Not  figured. 

In  size  and  proportions  almost  identical. with  the  last ;  it  corre- 
sponds also  with  specimens  from  the  Scarborough  Limestone  in  the 
perfectly  conical  outline,  and  in  the  closeness  and  comparatively 
large  tuberculations  of  the  spirals.  The  differences  are,  that  the 
uppermost  spiral  is  bi-tuberculate  and  constitutes  a  veiy  slight  pro- 
minence or  zone:  on  the  other  hand,  the  basal  belt  of  the  body- 
whorl  is  sharper  and  less  broad  than  in  specimens  from  the  lower 
horizon. 

Relations  and  DistrihuHon. — This  species  must  be  regarded  as  the 
representative  of  the  small,  conical,  granulated  or  tuberculated 
Trochids,  which  occur  throughout  the  Lower  Oolites  more  or  less 
sparingly.  Turning  to  the  Paleontologie  Frangaise,  we  find  such 
species  as  T.  Brutus  (T.  J.  p.  283*,  pi.  816,  figs.  13-16),  T.  Luciensis 
(p.  288,  pi.  317,  figs.  6-8),  and  T.  Zenobins  (p.  289,  pL  317,  figs. 
9-12),  all  more  or  less  near  to  T.  monilitectus.  1\  Zenobius  is  veiy 
near  indeed,  but  is  represented  as  having  four  spirals.  Trochus 
etUrochuSf  Laube  (Gastei*.  von  Balin,  p.  10,  pi.  2,  fig.  6),  also  belongs 
to  this  group  :  it  is  stated  by  that  author  to  occur  in  the  Great  Oolite 
of  Bayenx,  and  rarely  in  the  Brown  Jura  of  Balin.  It  would  be 
unsafe  to  say  how  nearly  these  forms  are  identical  with  Phillips's 
specieF. 

1\  monilitectus,  or  a  very  similar  form,  occurs  in  the  Lincolnshire 
Limestone,  and  also  in  some  of  the  shell  beds  of  the  Inferior  Oolito^ 
of  the  Cotteswolds.  But  there  are  certain  differences  of  ornamenta- 
tion, and  specimens  from  the  sauie  bed  exhibit,  some  four,  some  five 
spirals  :  hence  it  is  not.  easy  to  say  how  far  such  indications  are  o£ 
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specific  importance.  Bearing  in  mind  the  difficulties  which  are 
caused  by  difierence  of  matrix  and  siatuB  of  the  fossils,  it  cannot  be 
expected  that  identifications  should  be  more  than  approximate.  In 
the  Corallian  of  Yorkshire,  t.«.  in  the  Coral  Rag  of  Ay  ton  and  the 
Coralline  Oolite  of  Pickering,  this  section  of  Trockus  is  represented 
by  T.  Aytonensis,  Bl,  and  H.  (see  Cor.  Gast.  Gbol.  Mag.  1881,  PI.  III. 
Fig.  li).  This  is  a  still  smaller  species,  with  a  wider  spiral  angle, 
having  three  tuberculated  spirals,  the  nodes  in  the  uppermost  one 
being  the  strongest :  moreover,  the  basal  belt  is  more  prominent  in 
the  Corallian  species. 

T.  moniHtectus  has  never,  to  my  knowledge,  been  found  in  the 
Yorkshire  Dogger.  ^  It  is  quoted  by  Brauns  from  three  horizons  of 
the  Middle  Jura  in  N.W.  Grermany.  But  judging  from  the  synonyms 
which  he  gives,  this  identification  must  be  received  with  caution. 

75. — ^Troohtjs  Soarburoensis,  sp.n.^    Plate  III.  Figs.  2,  2a. 

Deacriptton, — Specimen  from  the  Combrash  (zone  4),  Scarborough, 
Leckenby  Collection. 

Height 17*6  millim^trefl. 

Width    15  „ 

Spiral  anffle  70°. 

Ratio  of  b«idy-whorl 62  :  100. 

Shell  conical,  imperforate,  slightly  turrited  :  spire  consists  of  about 
six  whorls,  which  are  perfectly  flat:  suture  close,  suturnl  line 
but  little  inclined.  The  angle  of  increase  is  extremely  regular, 
and  each  whorl  is  ornamented  by  five  richly  cut  tuberculated  spirals, 
with  interspaces  about  1^  times  the  breadth  of  each  spiral :  in  the 
body-whorl  these  interspaces  are  both  relatively  and  actually  wider, 
and  are  striated  obliquely  to  the  axis,  i.e.  from  left  to  right.  The 
tubercles  are  small  and  globular,  but  become  more  irregular  and 
extended  in  the  spirals  of  the  body-whorl. 

The  posterior  spirnl  in  each  whorl  is  slightly  the  most  prominent, 
standing  forward  distinctly  from  the  base  of  the  preceding  whorl, 
•0  as  to  produce  a  slight  tabulation.  In  the  body-whorl  the  lowest, 
or  fifth  spiral  is  supplemented  by  fine  undulating  lines,  the  whole 
forming  a  broad  belt  which  margins  the  base.  This  is  tumid,  and 
ornamented  with  spiral  lines  or  striae,  slightly  decussated  by  radial 
lines :  the  spiral  strise  are  not  continued  into  the  oolumellar  area, 
which  is  very  thick  and  solid.  Aperture  subquadrate,  and  but  little 
depressed.     Other  indications  wanting. 

Relations  and  Distribution. — This  very  pretty  and  regular  Trochus 
is  distinguished  from  T,  moniHtectus  by  its  larger  habit  of  growth 
ai)d  wider  spiral  angle,  by  the  slightly  tabulate  character  of  each 
whorl,  and  by  the  greater  space  between  the  spirals :  also  by  the 
relatively    shorter    spire.      It   has    closer    affinities   with    Trochus 

^  This  specimen  is  in  a  small  tray  mounted  on  a  tahlet  in  the  Woodwardian 
Unseam.  The  tahlet  is  labelled  **  Troc/aUf  Cornhrash,  Scarbro*."  The  tray  also 
contains  a  MS.  note,  apparently  in  the  handwriting  of  the  late  Dr.  Lyoett,  which 
runs  thus :  **  A  {?)  Fistulana  figured  by  Deslongch.  from  the  For.  Marble  of 
Laugrune  is  probably  the  same  as  your  rare  Combrash  one.'*  At  present  1  have  not 
been  able  to  ascertain  what  reference  is  here  intended.  One  rarely  gets  a  fossil  in 
tach  good  preserration  as  this :  hence,  1  baye  yentured  to  distinguish  it. 
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8trigo8U8,  but  besides  being  smaller*  (the  fignre  of  T.  Scarhurgensis^ 
in  Plate  III.  is  enlarged,  whereas  those  of  T.  strigosus  are  natural 
size),  the  spiral  angle  is  wider,  the  tuberculations  are  finer  and 
sharper,  and  the  whorls  of  the  spire  are  devoid  of  the  basal  belt, 
which  is  seen  in  most  specimens  of  T.  strigosmSy  and  which  occa- 
sionally assume  exaggerated  dimensions  (see  Fig.  4).  Nevertheless, 
unless  the  specimens  are  well  preserved,  it  is  by  no  mean*  easy 
to  distinguish  in  all  cases  whether  some  of  the  smaller  specimens 
referred  to  T.  atrigosus  should  not  be  placed  here.  On  the  other 
hand,  subsequent  investigation  may  serve  to  show  that  T.  Scarbur- 
gensis  is  merely  a  variety  of  7!  sirigoBUs  with  a  wider  base,  finer 
ornaments,  and  with  the  whorls  of  the  spire  less  exposed. 

76.— Tboohus  8TRIG08U8,  Lycctt,  1863.  Plate  III.  Figs.  3,  3a,  and  4. 
1863.     Troehus  slHgosm,  Lycett,  Suppl.  Gt.  Ool.  Moll.  p.  29,  pi.  45,  fig.  12. 

Bibliography,  etc, — This  species  was  described  from  a  single 
specimen,  obtained  in  the  Cornbrash  of  Gristhorpe  Bay,  in  the 
collection  of  Mr.  Leckenby. 

Descriptions. — Specimen  from  the  Cornbrash  (zone  4).  Leckenby 
Collection.     Type  refiourbd.     Figs.  3  and  3a. 

Height  23*6  millimetres. 

"Width 20  „ 

Spiral  angle  66". 

Ratio  of  body- whorl    46:100. 

Shell  conical,  imperforate.  Spire  consists  of  about  5  or  6  whorls, 
which  are  nearly  flat,  and  separated  by  a  tolerably  close  suture. 
The  ornaments  consist  of  five  spirals,  of  which  the  four  posterior 
ones  are  granulated  and  nearly  equal :  the  fifth  or  anterior  spiral 
becomes  a  broad  belt  consisting  of  one  row  of  fine  granulations,  and 
two  or  three  raised  lines  which  are  not  granulated :  the  ornaments 
of  the  body- whorl  are  similar  in  character,  the  basal  belt  being  very 
wide.  (In  other  specimens  the  spaces  between  the  spirals  of  the 
body-whorl  are  striated  obliquely  to  the  axis.  This  feature  is 
perhaps  more  apparent  in  the  worn  than  in  the  better  preserved 
specimens.) 

Base  tumid,  with  a  system  of  spiral  lines  or  striae,  which  extend 
well  up  to  the  columellar  area,  and  are  strongly  decussated  by  radial 
lines.     Aperture  subquadrate,  and  but  slightly  depressed. 

Another  specimen. — Same  horizon,  locality,  and  collection.     Fig.  4. 

Height   36*6  millimetres. 

Width    30  „ 

Spiral  angle  63°. 

Ratio  of  body-whorl 60  :  100. 

This  is  a  rugose  specimen  where  the  features  above  described  in 
the  type  are  exaggerated.  The  basal  belt  is  greatly  enlarged,  and 
projects  so  as  to  give  the  shell  a  sort  of  reversed  turriting. 

Relations  and  Distribution.  —Somewhat  more  rugose  and  irregular 
than  either  of  the  preceding  species,  with  a  larger  habit  of  growth. 
In  T.  strigosns  the  cone  is  less  perfectly  regular:  moreover,  the 
basal  belt  in  each  whorl  projects  considerably,  presenting  a  feature 
the  converse  of  that  in  T,  Scarburgensis,  where  the  salience  is  due  to 
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the  projection  of  the  posterior  border  of  each  succeeding  whorl. 
In  smaller  specimens  the  spiral  angle  is  rather  wider :  hence  there 
is  very  little  difference  in  this  respect  between  T.  Scarburgensis,  and 
small  specimens  of  T.  strtgosus. 

There  is  a  tablet  in  the  Leckenby  Collection  which  contains  half  a 
dozen  specimens  referred  to  T.  strigosusy  and  a  few  may  be  seen  in 
other  collections.  Hitherto  only  found  in  the  Cornbrash  of  Gris« 
thorpe.' 

77. — ^TaooHUS  subgl^ber,  sp.  n.     Plate  III.  Figs.  6,  6a. 
But  compare — 

Troehua  jflabeTf  Koch  and  Dunker,  Yerstein.  p.  24,  pL  L  fig.  12,  from  the  Lias. 
Troehw  Dwikeriy  Morr.  and  Lye.,  Gt.  Ool.  Moll.  p.  61,  pi.  x.  fig.  3. 

Description, — Specimen  from  the  Cornbrash  (zone  4),  Scarborough. 
Leckenby  Collection. 

Height 13  millimetres. 

Width   10  „ 

Spiral  anffle 62°. 

Ratio  of  body- whorl 40  :  100. 

Shell  small,  conical,  (?)  imperforate ;  spire  consists  of  6  or  7 
whorls  increasing  pretty  regularly  under  an  angle  of  52^ ;  suture 
close,  but  very  distinct  Anterior  area  of  each  whorl  slightly  tumid, 
posterior  area  slightly  constricted ;  the  efifect  of  this  is  to  cause  each 
whorl  slightly  to  overhang  the  succeeding  one. 

The  ornaments  consist  of  fine  spiral  striae,  very  numerous  and 
somewhat  closer  together  in  the  anterior  than  in  the  posterior  region ; 
these  striee  are  decussated  by  backward  sloping  transverse  striae, 
which  scarcely  reach  the  anterior  margin.  Base  flat ;  other  indications 
wanting. 

Relations  and  Distribution, — It  is  quite  possible  that  this  very 
elegant  little  shell  approaches  T,  Dunkeri,  said  by  the  authors  of  the 
Great  Oolite  Mollusca  to  be  tolerably  abundant  in  the  White  Stone 
of  Eastcombs  and  Bussage.  It  differs  in  possessing  more  whorls, 
and  also  in  having  a  fine  system  of  ornamentation  which  has  been 
well  preserved  in  the  waxlike  calcite  of  the  Yorkshire  Cornbrash. 
This  might  not  be  equally  well  preserved  in  another  matrix.  As 
regards  T,  glaber,  K.  and  D.,  there  is  probably  a  still  wider  margin 
of  difference :  it  should  also  be  mentioned  that  Eugene  Deslongchamps, 
in  1860,  expressed  his  opinion  that  Eoch  and  Bunker's  species  was 
a  Pyramidellid  belonging  to  the  genus  Niso. 

Trochus  subglaber  is  confined,  as  far  as  I  know  at  present,  to  the 

1  On  looking  over  the  Bean  Collection  at  the  British  Mnsenm,  I  found  a  specimen 
of  Troehu9  in  an  indurated  gritty  marl  of  a  grey  colour,  which  might  be  either 
CombraBh  or  Kelloway  Rock — most  probably  the  latter.  This  fossil  is  evidently 
allied  to  the  group  just  described  (see  Plate  III.  Fig.  6). 

The  spiral  angle  is  abont  65°-70°.  There  is  no  projection  of  the  basal  belt ;  on 
the  contrary,  the  sudden  increase  is  just  below  the  suture,  as  in  T.  Searburgemis.  In 
the  body-whorl  the  spaces  between  the  spirals  are  remarkably  wide,  and  besides  the 
usual  oblique  axial  stnation,  fine  spiral  lines  may  be  noted  between  the  more  prominent 

?>irals.     A  similar  feature  may  be  noted  in  a  Trochua  belonging  to  the  Yorkshire 
hilosophical  Society,  which  is  either  from  the  Cornbrash  or  E^ovray  Bock.     Shall 
we  give  these  a  temporary  distinction  as  T*  ScarbttrffenaiSf  var.  interUneatm  ? 
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Cornbrash  of  Yoi^bire,  and  the  specimen  in  the  Leckenby  Colleo- 
tion  is  unique.' 

78. — Tbochus?  Leokenbti,  Morris  and  Lycett,  1850.     Plate  III. 

Fig.  7. 
1850.     Ti'ochu9  ?  Leckmbyi,  Morr.  and  Lye.  Gt.  Ool.  MolL  p.  115,  pi.  15,  fig.  21. 

Bibliography f  etc. — Tbe  authors  appear  to  have  had  a  suspicion 
that  this  was  a  Pleurotomaria,  but  observed  nothing  upon  the  sur- 
face of  the  whorls  to  indicate  that  such  was  the  case. 

Description. — Specimen  from  the  Scarborough  Limestone  (zone  8), 
near  Scarborough.     Leckenby  Collection.     Type  repi cubed. 

Height 15  millimetres. 

Width 17        „ 

Spiral  angle 85°. 

Katio  of  body-whorl   . . , 50 :  100 

Shell  short,  conical,  imperforate.  Spire  regular,  and  consisting  of 
about  5  whorls,  which  are  nearly  flat :  suture  rather  close.  The 
ornaments  have  suffered  somewhat  from  attrition  :  they  consist  of 
stout  granulated  spiral  bands,  those  towards  the  base  of  each  whorl 
having  a  slight  prominence :  the  system  of  transverse  decussation  is 
somewhat  obscured  by  the  conditions  of  preservation.  The  body- 
whorl  shows  a  slight  prominence  at  the  margin. 

Base  nearly  flat,  with  strong  spirals  decussated  by  radiating  lines. 
Aperture  trapezoidal,  depressed. 

Relations  and  DistrihfUion, — No  other  specimen  is  known  to  me  at 
present,  nor  could  1  say  for  certain  whether  this  b  a  Trochus  or  a 
Pleurotomaria. 

Genus  Pleubotomabia,  Defranoe,  1825. 

Nothing  can  be  more  complete  and  surprising  than  the  contrast 
presented  by  the  extraordinary  poverty  of  the  whole  of  the  Lower 
Oolites  of  Yorkshire  in  regard  to  this  genus,  and  the  wonderful 
abundance  of  Pleurotomaria  in  the  Inferior  Oolite  of  Dorset- Somerset. 
The  rich  shell-bed  of  the  Dogger,  which  has  furnished  something 
like  half  the  species  described  in  this  Memoir,  does  not  contain 
a  single  Pleurotomaria  ;  but  there  is  one  very  large  species  allied  to, 
if  not  identical  with  PI.  anglica.  Sow.,  which  is  rarely  found  in  the 
lower  portions  of  the  Dogger,  and  possibly  also  in  the  Dogger  Sands. 
It  is  usually  regarded  as  a  Liassio  species,  and  is  quoted  by  Tate  and 
Blake  under  the  title  of  PL  undosa  and  amongst  the  eleven  species 
enumerated  by  them  from  the  Yorkshire  Lias.     If  not  exactly  the 

^  There  is  another  specimen  placed  on  the  same  tahlet  which  appears  to  me  to 
represent  a  smaller  and  more  coarsely  ornamented  species,  or  at  any  rate  a  well-marked 
variety  (not  figured) ;  also  from  the  Comhrash.     The  following  is  the  description. 

Height 10  millimetres. 

Width    8  „ 

Spiral  angle 60®. 

The  nnroher  of  whorls  is  about  7  or  8.  The  angle  of  increase  is  very  slightly  coarex, 
whorls  nearly  flat :  suture  very  distinct.  The  ornaments  consist  of  about  7  strap- 
like spirals,  slightly  granulated,  and  separated  by  Tery  narrow  and  shallow  sulci  A 
raised  belt  with  spiral  lines  slightly  granulated  terminates  the  flank  of  the  body- 
whorl,  thus  constituting  the  baaal  penpherj.    Base  flat ;  other  indications  wanting. 
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same,  it  clearly  belong  to  a  well^knowji  Liaaaic  group.  If  we 
except  this  and  the  very  doubtful  Trochns  Leekenhyi  which  may  be 
a  Fleurotomaria^  there  are  no  othei*  representatives  of  the  genus  in 
any  of  the  three  zones  of  the  Inferior  Oolite  of  Yorkshire.  But  the 
Digger  contains  rather  abundantly  one  species  of  the  allied  genu3 
Irochotoma—  the  widely-ranging  II  caliz. 

From  the  Cornbrash  upwards  Pleurotomaria  is  rather  better  repre- 
sented, and  one  species  is  quite  abundant;  but  this  has  affinities 
with  Oxford ian  rather  than  with  Lower  Oolite  forms  of  other 
districts.  For  further  observations  with  respect  to  the  higher  beds 
see  Corallian  Gasteropoda  (Gkol.  Mag.  1881,  page  63  of  separate 
Memoir). 

79. — Pleubotomaria  obanulata.  Lycett,  non  Sow.,  1863.     Plate 
III.  Figs.  8,  8a,  86,  9,  and  10. 

1863.    Fleurotomaria  granulata,  Sow.,  Lycett,  Suppl.  Gt  Ool.  Moll.  p.  24,  pL  31, 
fig.  8. 

Compare  also 

FUm-otomaria  Munsteri,  Roemer,  1839,  Ool  Geb.  p.  44,  pi.  20,  fig.  12. 
„  jmnetata,  Ooldfoss,  1844,  t.  186,  fig.  6,  non  Sow. 

„  AonUy  D'Orb.,  Brauns,  Mit.  Jura,  p.  188. 

„  species,  Hndleston,  Cor.  Cast.,  Geol.  Mao.  1881,  PL  IV.  Fig.  2. 

Bibliography,  etc. — The  true  PL  granuiata  of  Sowerby  is  aif 
Inferior  Oolite  fossil  well  known  to  every  collector  from  the  beds  in 
Dorset  and  Somerset,  and  differs  consideraWy  from  the  species  novf 
under  consideration.  I  have  already  discussed  this  question  at  some 
length  in  the  Corallian  Gasteropoda  (p.  64  of  separate  copy),  with 
reference  to  a  specimen  of  Pleurotomaria  from  the  Lower  Corallian 
Limestones  of  Wydale.  It  is  true  that  our  Cornbrash  fossil  belongs 
;to  what  Prof.  Seeley  would  call  a  "  demoid "  type,  which  has 
connection  through  varieties  with  Sowerby's  I.  0.  species.  But 
the  inspection  of  a  large  number  of  1.  0.  specimens  convinced  me 
long  ago,  as  it  did  the  late  Mr.  Tawney,  that  the  Yorkshire 
specimens  referred  to  PL  granul^ita,  Sow.,  must  be  regarded  as 
specifically  distinct  Not  only  so,  but  the  fossils  of  the  Yorkshire 
Cornbrash  approach  much  nearer  to  PL  Munsteri,  Eoem.,  as  also 
does  the  fossil  from  the  Lower  Limestones  of  Wydale. 

The  specific  names  "  grantdata,*'  reticulatay  fasciata,  etc.,  have 
been  bestowed  in  former  years  with  such  a  liberal  hand  that  the 
mind  becomes  somewhat  fogged  in  its  endeavours  to  remember  the 
various  authors  and  their  identifications.  It  is  difficult  to  say  whether 
most  mischief  is  done  by  retaining  such  names,  by  adopting  others 
already  existing  which  are  nearer  the  mark,  or  by  inventing  fresh 
ones.  As  the  present  is  a  work  confined  mainly  to  the  illustration 
of  local  palaeontology,  it  has  been  considered  best  to  adopt  the  first 
course.  At  the  same  time  I  am  perfectly  aware  that  it  leads  to  con- 
fusion, and  that  PL  grantUata,  D,  non  A,  non  B,  non  C,  is  a  stumbling- 
block  to  students  and  a  sad  tax  upon  the  memory  of  all. 

Descripiiowt. — Specimen  from  the  Cornbrash  (zone  4),  Scarborough. 
Leokenby  Collection.    Figs.  8,  ^a,  8b. 
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Height  ...•.•••; , 24*5  millimetres. 

Width    ...,,..". 26  „ 

Spiral  anffle 78**. 

Eatio  of  body-whorl    48*100. 

Shell  short,  step-like,  with  the  rudiments  of  an  umbilicus.  Body- 
whorl  about  half  the  height  of  the  spire.  Whorls  about  6  in  number, 
angular,  sloping  in  the  posterior  two-thirds,  nearly  vertical  (t.^. 
parallel  to  the  axis)  in  the  anterior  third.  The  ornaments  consist  of 
numerous  fine  spirals  which  present  nodes  at  the  points  of  contact 
with  the  fine  transverse  lines  which  decussate  them,  the  result  being 
a  very  pretty  reticulation  with  a  fine  mesh.  The  spirals  are  not 
exactly  of  equal  strength :  for  instance  there  is  a  hollow  beneath  the 
carina,  in  the  bottom  of  which  is  a  very  fine  spiral  line  quite  plain ; 
a  little  distance  below  this,  and  almost  at  the  base  of  the  whorl,  a 
pair  of  strongly  granulated  spirals  constitute  the  rudiments  of  a  belt 
or  lower  carina.  (Some  of  these  features  can  only  be  recognized  in 
exceptionally  well-preserved  specimens.)  The  principal  carina, 
which  occurs  about  two-thirds  down,  carries  the  imbricated  slit-band ; 
this  occupies  the  most  salient  position  in  each  whorl. 

Base  tolerably  tumid,  with  strong  spiral  ornaments,  less  conspicu- 
ously decussated  than  on  the  flanks  of  the  shelL  Aperture  sub- 
quadrate  or  trapezoidal,  columellar  lip  thick  and  curving  forwards. 

Another  specimen. — Kelloway  Rock  (zone  5),  Scarborough.  Leck- 
enby  Collection.     Fig.  9. 

The  condition  is  not  favourable  for  close  description ;  moreover,  the 
specimen  has  the  appearance  of  having  been  slightly  compressed. 
The  outline  and  ornaments  are  sufiiciently  distinct  to  make  it  clear 
that  there  can  be  no  diflferences  of  importance  from  average  Corn- 
brash  specimens.  The  position  of  the  slit-band  in  the  keel  at  the 
angle  of  the  whorls  is  also  equally  obvious.  If  there  is  any  struc- 
tural difference,  it  consists  in  the  slightly  more  sloping  outline  of  the 
anterior  third  ;  but  this  I  consider  to  be  the  result  of  compression. 

Another  specimen. — Oxford  Clay  (zone  6),  Scarborough.  York 
Museum.     Fig.  10. 

Still  more  compressed  than  the  last,  and  in  what  may  be  termed 
a  "  half-cast  '*  condition,  though  better  than  many  fossils  from  the 
*'  Oxford  Clay"  of  Scarborough  Castle  Hill.  The  nodes  at  the  inter- 
sections having  been  worn  nearly  flat,  the  ornaments  are  in  a  reticu- 
late condition,  and  this  is  also  the  case  with  the  Kelloway  Reck 
specimen. 

N.B. — Very  large  specimens  from  the  Cornbrash  have  a  height  of 
4J  centimetres,  and  such  are  slightly  more  pyramidal  than  the 
average  forms.  A  specimen  in  Mr.  Leckenby's  collection  must  have 
had  9  or  10  whorls,  and  there  is  a  somewhat  similar  specimen  in  the 
Scarborough  Museum.  In  these  large  specimens  the  *•  granulate" 
character  is  almost  entirely  effaced,  and  the  "  reticulate"  character 
prevails. 

Relations  and  Distribution. — ^The  relations  of  a  thoroughly  demoid 
type  are  pretty  wide,  though  no  species  of  Pleurotomaria  resembling 
this  one  occurs  on  any  lower  horizon  in  Yorkshire.  But,  as  we  have 
seen,  it  is  easy  to  trace  this  form  upwards  through  the  kelloway 
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Book  and  Oxford  Clay  into  the  Lower  Gorallian  Limestonefl.  The 
larger  speoimens  have  a  considerable  resemblance  to  FL  Mmsteri 
from  the  **  Lower  Coral  Bag  "  of  Heersum^  which  is  on  the  horizon 
of  the  Wydale  Beds.  In  FL  Munsteri  the  spiral  angle  is  wider,  the 
whorls  more  angular,  and  the  ornamentation  probably  more 
"reticulate"  (mainly  a  question  of  status).  The  closest  repre*- 
Bentatives  of  PL  Munsteri  occar  in  the  Main  Limestones  of  Osmington^ 
But  in  the  Els  worth  rock,  which  is  Upper  Oxfordian,  are  specimens 
of  Pleurotomaria  the  very  fao-simile  of  the  larger  specimens  fix)ni 
the  Scarborough  Combrash.  These  Elsworth  rock  specimens  were 
identified  by  Blake  and  Hudleston  (Corallian  Bocks  of  England* 
QJ^.G.S.  1877,  p.  318)  with  Boomer's  Heersumer  species. 

The  specimen  from  the  Lower  Corallian  Limestones  of  Wydale  is 
in  excellent  preservation,  and  may  be  compared  even  with  such  an 
one  as  is  figured  (Plate  III.  Fig.  8).  Although  a  smaller  fossil, 
the  granulations  are  slightly  larger,  and  in  this  respect  it  more  nearly 
approaches  PL  granulata,  Sow.  I  doubt  not  that  each  horizon  and 
locality  will  present  some  slight  difi^erences,  but  the  broad  fact 
remains  that  one  of  the  most  abundant  fossils  in  the  Yorkshire 
Combrash  may  be  traced  sparingly  through  all  the  Oxfordian  beds 
ef  Yorkshire,  including  the  Lower  Corallian  Limestone,  whilst  its 
nearest  relatives,  and  in  some  cases  absolute  representatives,  are 
characteristic  Oxfordian  fossils  in  other  places. 

EXPLANATION  OF  PLATE  III. 
Fig.  1,  la,  lb.    Troehut  moniliteetutf  Phillips.    Scarboroagh  Limestone.     British 
Moseam.    Back,  front,  and  basal  views,     x  1|. 
„    2,  2a.         Trochus  Soarburgemit,  sp.n.    Combrash,  Scarborough.    Leckenby 

Collection,    ^ack  and  front  yiews.     x  1}. 

„     3,  3a.  Troehut  strigoausj   Lycett.    Combrash,   Scarborough.    Leckenby 

Collection.    Ttpb  bbfigurbd.    Back  and  front  views :  nat.  size. 

„    4.  lb.   Same  formation,  locality,  and  Collection.   Back  view  ;  nat.  size. 

„     5.  Trochm  .? /$ear&t«r^tfff9w,  var.  Combrash  or  Eelloway  Rock.    British 

Museum.    Back  view  ;  nat  size. 
„    6, 6a.  Troehut  tubglaber^   sp  n.      Combrash,  Scarborough.      Leckenby 

Collection      Back  view,     x  1|,  and  whorl  further  enlarged. 
„     7.  Trochus  Leckenby i^  Morris  and  Lycett.    Scarborough  Limestone, 

PClaughton.    Leckenby  Collection.     Type  hbfiourbd.    Back 
.  view.     X  14. 
„    8,  8a,  86.    Pleurotomaria  gnmulata,  Lycett,  non  Sowerby.    Combrash,  Scar- 
borough.   Leckenby  Collection.     Back  and  front  views;   nat. 
size,  and  portion  magnified. 
„    9.  lb.    Kelloway  Rock,  Scarborough.    Leckenby  Collection.    Back 

view ;  nat.  size. 
„     10.  Jb.    Oxford  Clay,   Scarborough.    York  Museum.     Back  view; 

nat.  size. 


IV.— On  the  Ee^bnt  Discovebt  of  the  Wing  op  a  Cookboaoh 

AND  TWO  Scorpions  in  Rooks  op  Silurian  Age. 

By  Hbrbbrt  Goss,  F.L.S.,  F.G.S.,  etc. 

UP  to  December  last  the  most  ancient  fossil  insects  known  were 
the  six  fragments  of  Neuroptera,  obtained  by  Mr.  C.  F.  Hartt, 
from  the  Devonian  rocks  of  New  Brunswick,  which  were  described 
by  Mr.  Scudder  in  YoL  V.  of  this  Magazine.*     Although  these  six 
1868,  pp.  172-177,  and  216-222. 

1IBCADB  m. — ^VOL.   U. — ^NO.   lU.  9 
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fossils  were  the  oldest  Jcnoion  insects,  it  seemed  anlikely  that  they, 
or  even  the  families  or  genera  to  whioh  they  belonged,  were  the 
most  anoient  representatives  of  their  class.  The  first  appearance  of 
insects  on  the  Earth  was  probably  contemporaneous  with  that  of 
land  plants,  and  as  remains  of  this  division  of  the  Vegetable  King- 
dom had  been  discovered  in  Silurian  rocks,  it  seemed  not  unreason- 
able to  assume  that  insects  might  have  existed  at  an  earlier  period 
than  the  Devonian.  The  recent  discovery  of  the  wing  of  a  cock- 
roach in  rocks  of  Silurian  age  at  Jurques,  Calvados,  France,  no  longer 
leaves  the  question  of  the  occurrence  of  insects  at  an  earlier  period 
than  the  Devonian  a  matter  of  speculation. 

In  a  note,  recently  communicated  by  M.  Milne-Edwards  to  the 
Aoademie  des  Sciences  of  Paris,*  M.  Charles  Brongniart  describes 
the  wing  of  a  species  of  Blaita  fi'om  the  Middle  Silurian  formation 
of  Jurques.  The  piece  of  rock  containing  this  fossil  was  received 
from  M.  Douvill^,  Professor  in  the  Paris  School  of  Mines,  in  whose 
honour  this  the  oldest  known  insect  has  been  named  Falaohlattina 
DouviUei. 

M.  Brongniart  states  that  the  nearation  of  two  species  of  Blattida* 
of  the  Carboniferous  Period — ProgonoblatUna  Fritschii  (Heer)  and 
Qerahlattina  fascigera  (Scudder) — recalb,  in  a  slight  degree,  that 
of  this  Silurian  wing  which  he  describes  as  follows  : — 

*<Cette  aile  qui  meflure  0">,035  de  lonr  a  appartenu  k  jol  Blattide ;  le  champ 
hom^ral  est  large;  on  y  voit  la  veine  hnm^nue  sup^rieuie,  la  veiDO  hum^rale 
inf^rieure  qui  se  bifurque  k  son  extr6mit6 ;  la  veine  vitr6e  on  m^diane  6galement 
divLB^  en  deux  rameaux ;  lea  yeines  discoi'dalee  sup^eure  et  infdrieure  et  leurs 
divisions  tr^  obliques  oui  se  rejoignent  &  leur  extr^mit^,  ainsi  ^ue  cela  se  roit  encore 
chez  certaines  Blattes  ae  notre  epoque ;  on  pent  suivre  la  yeine  anale  qui  est  assez 
droite  et  s'dtend  presqne  jusqu'au  bout  de  1  aile,  f>ui8  les  veines  axillaires  qui  lui 
sont  paralleles.  Ce  qui  est  fort  remarquable  et  ce  qui  distingue  cette  6mpreinte  de 
toutes  les  ailes  de  Blattes  vivantes  et  fossiJes  c*est  la  longueur  de  la  nennire  anale, 
et  le  pen  de  largeur  du  champ  axillaire.'* 

Although  the  fossil  wing  above  described  is  the  only  fragment  of 
an  insect  as  yet  obtained  from  rocks  of  Silurian  age,  the  recent  dis- 
covery of  insectivorous  animals — two  scorpions — in  Silurian  rocks 
furnishes  additional  evidence  of  the  existence  of  insectb  at  this  early 
period. 

One  of  the  Scorpions  was  obtained  by  Dr.  Hunter,  of  Carluke, 
from  the  Ludlow  beds  (Upper  Silurian)  of  Lesmahagow,  Lanark- 
shire ;  and  a  preliminary  description  of  it  by  Mr.  B.  N.  Peach  has 
appeared  in  a  recent  number  of  **  Nature." ' 

The  second  Scorpion  was  obtained  from  the  Upper  Silurian,  of  the 
Isle  of  Gotland,  and  has  been  named  by  Dr.  Lindstrdm  PalcBophonus 
nuncius,  and  described  by  him  in  a  letter  to  M,  Milne-Edwards,^ 

^  Comptes  rendus  dee  Stances  de  1' Academic  des  Sciences  de  Paris,  No.  26, 
29th  December,  1884. 

*  These  B/attida  are  referred  to  in  my  paper  on  "  The  Insecta  of  the  Carbon- 
iferous Period,'*  pp.  169-173,  of  vol.  xt.  of  the  Entomologists*  Monthly  Magazine, 
1878,  and  "The  Insect  Fauna  of  the  Primary  or  Palaeozoic  Period,**  rroc.  Geol. 
Assoc,  vol.  vi.  No.  6,  1879.  »  No.  796,  January  29,  1885. 

*  Extract  from  a  letter  from  Prof.  Lindstrom  to  M.  Milne-Edwards,  Comptea 
Rendus  of  the  Academic  des  Sciences  of  Paris,  No.  22,  1  Dec.  1884,  pp.  984-986. 
Dr.  Lindstrom  states  that  a  detailed  account  of  this  Scorpion  by  Prof.  Thorell  and 
himself  will  shortly  appear. 
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which  the  latter  has  communicated  to  the  French  Academy  of  Sciences. 
Dr.  Lindstrom  states  that  this  Scorpion  is  in  a  good  state  of  pre- 
servation,  and  that  one  of  the  stigmata  is  visible  on  the  right  side, 
dearly  proving  that  the  animal  respired  air.  He  further  remarks 
that  in  the  construction  of  this  Scorpion  a  feature  of  great  importance 
is  observable,  viz.  the  presence  of  four  pairs  of  thoracic  legs 
which  are  stout  and  pointed  like  those  of  the  embryos  of  many 
Traeheata  and  of  forms  like  Campodea.  This  form  of  the  leg  no 
longer  exists  in  the  fossil  Scorpions  of  the  Carboniferous  formations, 
in  which  fossils  these  appendages  resemble  those  of  existing  species. 

It  will  be  noticed  that  both  these  Scorpions  were  obtained  from 
the  Upper  Silurian,  whereas  the  wing  of  the  Cockroach  was,  as  before 
stated,  obtained  from  the  Middle  Silurian  (Silurien  Moyen).  This 
wing  is  therefore  of  even  greater  antiquity  than  the  Scorpions,  and 
consequently  represents  not  only  the  oldest  known  insect^  but  the 
oldest  known  terrestrial  animal. 

The  discovery  of  air-breathing  land  animals  in  the  Silurian  rocks 
is  of  course  of  importance  to  geologists  from  the  evidence  thus 
afforded  of  the  terrestrial  and  atmospheric  conditions  of  the  period ; 
and  the  fact  that  the  ancestors  of  the  ubiquitous  Cockroach  were  the 
most  ancient  representatives  of  the  class  Inaeeta,  and  of  all  land 
animals,  cannot  but  be  interesting  to  zoologists. 

V. — Note  on  an  appabbntly  New  Species  of  Htopotamus  {ff. 

PiCTBTh  nobis). 

By  R.  Ltdbmbe,  B.A.,  F.G.8.,  etc. 

SINCE  describing  the  skull  of  Anthracotherium  Oresslyi  (=zHyopo-' 
tamus  Gresalyi.  Rut.)  in  the  last  Number  of  the  Magazine  (p.  63), 
I  have  observed  that  the  right  maxilla  of  a  small  anthracotheroid 
from  the  Upper  Eocene  "Bohnerz"  of  Canton  Vaud,  Switzerland, 
has  been  figured  by  Pictet  in  his  "  Materiaux  pour  la  Paleontologie 
Suisse — Vert^bres  de  la  Faune  Eocene,  Supplement,  pi.  xxiv.  fig.  6," 
under  the  name  of  H.  Gresshji,  \  The  British  Museum  has  recently 
acquired  some  upper  true  molars  from  the  same  formation  agreeing 
precisely  with  those  of  Pictet's  specimen ;  and  a  comparison  of  these 
teeth  with  those  of  the  Brit.  Museum  specimen  of  A.  Oresslyi  (figured 
in  my  memoir  already  quoted)  shows  that  they  are  quite  different  ;— 
being  distinguished  by  their  slightly  inferior  size,  the  more  inward 
inclination  of  the  outer  surfaces  of  the  external  columns,  as  well  as 
the  more  distinct  loop  connecting  these  columns.  These  teeth  agree, 
in  fact,  with  those  of  brachydont  species  of  Hyopotamua,  like  H. 
porcinus.  Pictet's  figure  also  shows  that  his  specimen  differs  from 
Anthracotherium  Oresslyi  in  having  an  elongated,  instead  of  a  tri- 
angular P»-  8. 

There  is  no  question  of  the  distinctness  of  the  form  under  con- 
sideration from  the  last-named  species,  and  as  its  molar  teeth  are 
precisely  similar  in  structure  to  those  of  the  much  larger  Hyopotamus 
porcinus,  it  may  be  at  least  provisionally  referred  to  the  same  genus. 
As  I  am  unable  to  identify  it  with  any  named  form,  it  may  receive 
a  new  specific  name,  and  I  accordingly  propose  that  of  H.  Pieteli, 
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VI. — CONTOUE-LINKB   ON   GEOLOGICAL   MaPS. 

By  Prof.  Bbnjaicin  Smith  Ltman. 

AS  one  of  your  reviewers  now  some  years  ago  criticized  unfavour- 
ably the  method  of  representing  geological  structure  in  maps 
by  contour  lines  upon  a  bed  of  coal  or  other  rock,  and  as,  like  him, 
most  geologists  are  not  yet  practically  familiar  with  the  method, 
useful  though  it  be,  and  nobody  that  might  be  thought  wholly 
unbiassed  has  replied  in  your  pages  to  his  attacks,  it  may  not  be 
improper  to  call  your  attention  to  the  unprejudiced  opinion  and 
explanation  of  Mr.  Charles  A.  Auhbumer,  the  geologist  in  charge  of 
the  survey  of  the  anthracite  r^ion,  under  the  Geological  Survey  of 
Pennsylvania,  who  has  up  to  this  time  published  26  large  sheets 
of  most  elaborate  maps  and  sections  with  one  volume  of  text.  After 
careful  examination  before  adopting  the  method  and  after  using  it 
several  years  he  writes  of  it  in  the  report  (page  8)  as  follows : — 

**  The  first  time  the  system  has  been  used  on  an  extensive  scale  in 
America  has  been  in  the  construction  of  the  mining  geological  sheets 
of  the  anthracite  coal  fields.  The  data  which  are  available  for  con- 
structing these  maps  are  very  extensive  and  very  accurate.  The 
method  has  been  found  to  furnish  the  best  means  for  interpreting 
the  geological  structure  and  the  best  way  of  representing  it ;  so  that 
in  this  the  demands  of  the  geological  investigator  are  satisfied.  At 
the  same  time  that  this  end  is  accomplished,  the  facts  relating  to  the 
structure  of  the  coal  bed  in  the  mines  and  adjoining  tracts  are  best 
classified  and  placed  in  such  a  form  as  to  be  of  practical  use  to  the 
mine  superintendent  and  engineer. 

**  The  information  which  a  geological  mining  map  constructed  on 
tliis  plan  contains  relative  to  the  coal  bed  which  is  contoured  may  be 
classified  under  the  following  heads:  a,  elevation  above  tide  of  the 
coal  outcrop ;  6,  dip  of  the  bed ;  e,  strike  of  the  bed ;  d,  depth  of 
the  coal  basins ;  e,  rate  of  fall  or  rise  of  the  basins  along  their  axes ; 
/,  position  of  the  synclinals  and  ancticlinal  crests  in  the  coal  bed ; 
g,  data  from  which  a  vertical  cross-section  may  be  made  at  any  point 
across  the  basins ;  h,  data  from  which  the  absolute  area  of  the  coal 
bed  may  be  obtained,  and  the  amount  of  coal  contained  in  any  special 
surface  area  estimated. 

"  a.  In  order  to  obtain  the  elevation  of  the  outcrop  at  every  pointy 
it  is  necessary  that  the  bed  should  be  contoured  on  a  topographical 
map  of  the  surface  as  a  basis. 

**  h.  The  horizontal  distance  between  the  contour  curves  represents 
the  cosine  of  the  angle  of  the  dip  •  .  . 

"  c,  The  direction  of  the  contour  curves  shows  the  strike  of  the  bed 
and  the  direction  of  the  gangways  which  have  already  been  driven, 
or  the  most  probable  direction  which  approximately  level  gangways 
will  assume  if  driven  beyond  the  present  mined  area. 

"d.  The  most  probable  depth  of  the  coal  basins  can  be  better 
estimated  by  this  method  of  construction  than  by  any  other  .  .  . 

** «.  The  rate  of  rise  and  fall  of  the  basins  along  their  axes  is  a 
very  important  fact  to  determine,  in  order  to  locate  mining  works 
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for  the  exploitation  of  the  deepest  part  of  the  basins;  and  mor6 
particularly  to  establish  the  best  elevation  at  whioh  to  drive  gang- 
ways to  oommand  the  greatest  area  of  ooal  with  the  least  expendi- 
ture, for  the  driving  of  permanent  travelling  ways  and  the  lifting  of 
the  ooal  and  pumping  of  the  mine  water. 

"/.  It  is  a  well-known  fact  to  the  practical  mining  geologist  that, 
....  when  the  axial  plane  is  inclined,  the  axis  in  the  outcropping 
strata  may  be  many  feet  to  one  side  or  the  other  of  a  vertical  plane 
passing  through  the  axis  in  the  coal  bed. 

*'  g.  It  is  apparent  that  a  vertical  section  of  the  contoured  coal  bed 
may  be  constructed  directly  from  the  curves,  running  across  the 
banin  in  any  direction.  The  position  on  the  section  plane  of  the  over- 
lying and  underlying  strata  may  be  located  from  columnar  sections. 

*'A.  One  of  the  most  important  applications  of  this  method  of 
construction  is  the  estimation  of  tho  absolute  areas  of  the  coal  beds 
under  any  given  tract,  and  consequently  the  ooal  contained.  It  is 
readily  perceived  that  consequently,  when  the  contoured  surface  of 
the  bed  is  developed  or  ironed  out  into  a  horizontal  plane,  allowance 
will  have  been  made  for  every  degree  of  dip  which  the  bed  possesses 
in  its  true  position,  and  the  real  area  of  the  bed  on  the  flat  will  be 
shown." 

On  the  Mine  Sheets  so  far  published  the  underground  workings 
of  several  ooal  beds  are  given  in  different  colours,  besides  the  con- 
tours of  the  floor  of  the  principal  bed,  and  "  the  confusion  and  un- 
sightliness  of  so  many  lines  upon  a  map,"  complained  of  by  your 
critic,  is  not  enhanced  by  the  addition  of  the  contours  of  the  surface 
of  the  ground,  for  (p.  15)  "the  topographical  maps  which  have 
come  into  the  possession  of  the  Survey  have  not  been  found  suf- 
ficiently accurate  to  make  it  possible  to  combine  them  in  this  way 
with  the  mine  sheets  constructed  by  the  Survey  corps,  without  com- 
pletely revising  them  on  the  ground.  As  the  restricted  means  of 
the  Survey  have  prevented  this  revision,  it  was  decided  to  publish 
these  maps  separately,  and  on  one-half  the  scale  of  the  Mine  Sheets, 
in  order  to  reduce  the  cost  of  publication.  The  difference  of  scales 
makea  a  comparison  of  the  two  sets  of  sheets  inconvenient. 

"  Before  the  completion  of  the  G^eological  Survey  of  the  Anthra- 
cite Fields,  it  is  hoped  that  surface  contour  curve  maps  may  be 

constructed  by  the  corps  of  the  following  areas 

In  some  of  these  areas  the  contours  of  the  surface  can  no  doubt  be 
placed  to  advantage  on  the  mine  sheets  without  overloading  the  map 
to  such  an  extent  as  to  produce  confusion." 

Of  course  "  confusion  and  unsightliness"  depends  much  upon  the 
experience  of  the  reader,  and  a  mere  contour  map  of  the  surface  will 
have  that  character  to  anybody  unaccustomed  to  contours.  While  real 
confusion  is  certainly  to  be  avoided,  a  good  deal  of  what  seems  at 
first  unsightliness  may  be  pardoned  if  compensated  by  usefulness 
and  convenience  in  use.  Indeed,  there  is  much  truth  in  the  common 
saying  that  *'  handsome  is  that  handsome  does  " ;  for  our  ideas  of 
beauty  are  at  the  very  bottom  altogether  based  upon  fitness  for  our 
needs.     It  seems  at  least  possible  that  the  most  crowded  mine  sheets 
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like  Mr.  Ashbnrner's  with  the  coal  contours  in  red,  complicated  as  they 
sometimes  are  with  overturned  dips,  might  besides  advantageously 
have  surface  contours  in  rather  fine  black  lines,  or  in  some  other 
colour. 
Northampton,  Mass. 


OSrOTIOES      OIF      ISdlEDS^OII&S- 


DlE   ElSZEIT   IN   DBN   PTBENAEN.     Yon  Dr.  AlBKBGHT  PeMOK.      Mit 

einer    Earte.      Mittheilungen    des  Vereins    ftir   Erdkunde   zu 
Leipzig,  1883. 
The  Glacial  Period  in  the  Pyrenees.     By  Dr.  Albrboht  Pengk. 
With   a   Map.     (Transactions   of  the  Geographical   Society  of 
Leipzig,  1883.) 

THIS  paper  contains  the  generi^l  results  of  an  investigation  of  the 
ancient  glacial  phenomena  of  the  Western  Pyrenees,  from  San 
Sebastian  on  the  Atlantic  coast  to  Montrejean  on  the  Garonne,  under- 
taken with  the  object,  amongst  others,  of  determining  the  approximate 
level  of  permanent  snow  at  the  time  of  the  greatest  extension  of  the 
glaciers.  Of  this,  the  author's  previous  experiences  in  the  Alps» 
Scandinavia  and  Great  Britain  render  him  well  fitted  to  judge.  He 
incidentally  remarks  that  the  similarity  between  the  glacial  pheno- 
mena of  the  Pyrenees  and  those  of  the  countries  just  named  are  very, 
stnking. 

It  has  been  stated  by  various  authors,  amongst  others  by  Habenicht 
and  von  Hochstetter,  that  the  valleys  of  the  western  end  of  the 
Pyrenees  had  been  formerly  filled  by  ice ;  but  Dr.  Penck  asserts  that 
there  is  not  a  trace  of  glaciation  in  the  valleys  of  the  affluents  of  the 
Bidassoa,  the  Nive,  and  the  Urumea,  although  the  indentations  of  the 
coast  near  San  Sebastian  and  Fuenterrabia  have  a  distant  resemblance 
to  fiords.  Although  the  highest  peaks  in  this  district  reach  an 
elevation  of  1400  m.  {4600  feet),  there  are  neither  cirques,  tarns, 
nor  moraines  to  be  found,  and  their  absence  proves  that  in  this 
locality  the  line  of  permanent  snow  (Femlinie)  during  the  Glacial 
period  was  at  all  events  above  this  level.  It  is  true  that  in  places 
there  are  huge  boulders  and  scratched  stones  which  have  been 
attributed  to  glaciers,  but  their  distribution  is  very  limited,  and  they 
may  be  traced  to  the  effects  of  landslips. 

The  valley  of  the  Saison  is  the  most  westerly  on  the  French  side  of 
the  range  in  which  glacial  action  appears.  The  average  elevation  of 
the  mountains  which  drain  into  it  is  1740  m.  (5707  feet),  and  the  old 
moraines  can  be  traced  to  the  level  of  581  m.  (1905  feet).  In  the 
valley  of  the  Aspe,  to  the  east  of  the  Saison,  a  moraine  exists  at  the 
level  of  410  m.  (1344  feet),  and  below  this  is  a  distinct  basin  now 
filled  up  with  gravels.  Further  eastwards,  in  the  valley  of  the 
Ossau,  a  terminal  moraine  has  been  noted  at  350  m.  (1148  feet),  but 
even  below  this  level,  scratched  stones  and  moraines  have  been  noted, 
so  that  in  the  Pyrenees,  as  in  the  Alps,  there  is  an  outer  zone  of 
moraines  distinct  from  the  so-termed  end-momine,  and  a  great  aocu^ 
mulation  of  gravels  was  formed  in  the  interval  between  the  depositioa 
of  the  outer  moraines  and  the  later  end- moraine. 
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Further  to  the  eastward  the  important  glaciers  of  the  valley  of 
Argel^s  and  of  Aure  are  described,  and  then  the  glaciers  of  the 
Garonne,  the  most  important  of  the  Pyrenees,  The  portion  of  the 
range  drained  through  this  valley  has  an  average  elevation  of 
2560  m.  (8400  feet).  From  the  evidences  of  the  ice  action  in  the 
higher  districts  of  the  Oaronne,  the  conclusion  is  arrived  at  that  the 
line  of  permanent  snow  in  the  Glacial  period  was  about  1700  m, 
(5576  feet). 

On  the  south  ride  of  the  Pyrenees  the  author  describes  the  course 
of  two  of  the  ancient  ice-streams ;  that  of  the  valley  of  the  Gallego, 
which  had  a  length  of  45  kiiom.,  and  that  of  the  Ara  valley  40 
kilom.  in  length.  These  correspond  with  the  glaciers  of  Ossau  and 
Argel^s  on  the  north  side,  which  have  respectively  an  extension  of 
40  and  55  kilom.,  but  whereas  these  latter  advance  beyond  the  foot 
of  the  mouutains  to  the  level  of  400  m.  (1312  feet),  the  former,  on 
the  south  side,  do  not  descend  below  800  m.  (2624  feet). 

The  ancient  glaciers  on  the  south  side  of  the  Pyrenees,  not  only 
terminated  at  a  higher  level,  but  they  were  also  far  shorter  than 
those  on  the  north  side,  and  these  dififerenoes  arise,  not  from  the 
configuration  of  the  ground,  but  in  the  different  intensity  of  the 
glacial  phenomena  on  the  two  sides.  It  is  therefore  probable  that 
the  ancient  snow-line  on  the  south  side  was  300  m.  higher  than  on 
the  north,  or  at  a  level  of  2000  m.  (6560  feet).  The  ancient  snow- 
line was  also  higher  from  west  to  east,  and  the  evidence  shows  that 
the  ancient  phenomena  were  developed  under  similar  conditions  to 
those  now  existent,  and  may  be  considered  as  an  intensification  of 
the  present 

Sections  showing  glacial  deposits  of  different  periods  do  not  occur 
in  the  Pyrenees,  as  almost  everywhere  the  moraines  rest  directly  on 
the  older  rocks,  but  indirect  evidence  of  more  than  a  single  glacia- 
tion  is  shown  by  the  enormous  accumulations  of  gravels,  clearly  of 
different  ages,  which  cover  the  surface  beyond  the  base  of  the 
mountains  on  the  north  side,  sometimes  reaching  a  thickness  of  over 
100m.  (328  ft). 

llie  concluding  part  of  this  important  paper  contains  some  sng<< 
gestive  reflections  on  the  development  of  the  cirques  and  smaller 
lakes  in  the  higher  portion  of  the  Pyrenees  and  their  relations  to  each 
other.  A  list  of  the  directions  of  the  glacial  striae  observed  by  the 
author  is  given  in  an  appendix ;  and  a  map  of  the  Pyrenean  range 
and  the  country  on  both  sides,  in  which  the  glaciated  areas  are 
distinctively  colouredy  is  of  great  service  in  following  the  author's 
descriptions.  G.  J.  H. 


I. — Geological  Society  of  London. 

January  28,  1885.— Prof.  T.  G,  Bonney,  D.Sc.,  LL.D.,  F.R.S.» 
President,  in  the  Chair.     The  following  communications  were  read  : 

1.  *•  The  Boulder-clays  of  Lincolnshire :  their  Geographical  Range 
and  Relative  Age."     By  A.  J.  Jukes-Browne,  Esq.,  B.A.,  F.G.S. 

The  author  commenced  by  referring  to  tlie  lat6  Mr.  Searles  Y. 
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Wood's  papers  on  llie  Glacial  beds  of  Yorkshire  and  Lincolnebire, 
and  stated  as  the  result  of  his  own  investigations,  that  two  distinct 
types  of  Boulder-clay  occur  in  Lincolnshire,  (1)  the  grey  or  blue 
clay,  (2)  the  red  and  brown  clays,  the  former  undoubtedly  an  ex- 
tension of  the  Upper  or  Chalky  Boulder-clay  of  Rutland  and  East 
Anglia,  while  the  second  includes  the  Purple  and  Hessle  Clnys  of 
Mr.  S.  V.  Wood.  These  two  types  of  Boulder-day  are  very  rarely 
in  contact  with  each  other. 

The  brown  Boulder-clays  of  East  Lincolnshire  rest  upon  a  broad 
plain  of  Chalk,  which  appears  to  terminate  westward  in  a  concealed 
line  of  cliff,  this  clifif-line  coinciding  with  the  strike  of  the  slope 
which  descends  from  the  Chalk  Wolds  to  the  Boulder-clay  plateau 
by  which  they  are  bordered.  The  present  boundary-line  of  the 
Boulder-clay  runs  along  this  slope  for  long  distances,  though  in 
many  places  the  clay  has  surmounted  the  slope  and  caps  the  hills  to 
the  west  of  it 

From  Louth  the  main  mass  of  the  **  brown  clay "  is  bounded  by 
a  line  drawn  through  Wyham,  Hawerby,  Laoeby,  and  Brocklesby 
to  Barrow  and  Barton  on  Humber,  sweeping  round  the  north  end 
of  the  Lincolnshire  Wolds  and  occurring  on  both  sides  of  the 
Humber.  Previously  to  the  author*s  inspection  of  this  district,  no 
Purple  or  Hessle  clay  had  been  discovered  west  of  South  Ferriby, 
and  these  clays  were  supposed  to  be  entirely  absent  on  the  western 
side  of  the  Wolds.  The  officers  of  the  Survey  have,  however, 
mapped  several  tracts  of  such  clay  in  the  valley  of  the  Ancholme. 
It  occupies  the  surface  at  Horkstow,  Winterton  Holme,  Winterton, 
and  Wihteringham.  It  probably  underlies  the  alluvium  of  the 
Ancholme  near  and  south  of  these  places,  and  occurs  again  at  higher 
levels  in  the  neighbourhood  of  Brigg.  South  of  Brigg  it  has  been 
seen  at  low  levels  on  either  side  of  the  valley  of  the  Ancholme,  as 
far  as  Bishop's  Bridge,  near  Qlentham. 

Beyond  this  point  it  was  not  traceable  in  the  Ancholme  valley, 
but  south  of  Market  Rasen  patches  of  reddish-brown  clay,  mottled 
with  grey,  and  containing  small  flints  and  pebbles  of  chalk  occur, 
and  cap  the  low  ridges  separating  the  valleys  of  the  brooks. 

Another  traet  of  Boulder-clay,  which  the  author  considers  to 
belong  to  the  same  series,  occupies  the  western  border  of  the  Fen- 
land,  S.E.  of  Lincoln,  what  is  left  of  it  forming  a  ridge  which  runs 
southward  for  many  miles.  It  passes  eastward  beneath  the  Fen 
deposits ;  and  similar  mottled  clay  was  seen  in  the  excavations  for 
the  Boston  docks  beneath  about  20  feet  of  Fen-days,  etc.,  and  resting 
upon  blue  Boulder-clay  of  the  "Chalky"  type.  Beside  this  section 
at  Boston,  there  are  very  few  places  where  the  two  types  of  clay 
are  in  contact,  or  so  near  as  to  afford  any  evidence  as  to  their 
relative  age.  Near  East  and  West  Real,  and  again  near  Louth,  the 
**  Brown  Clays  "  are  banked  against  the  slopes  of  hills  which  are 
capped  with  the  "Chalky  Clay."  The  same  is  the  case  also  near 
Brigg,  where  the  country  seems  to  have  been  originally  covered  by  a 
sheet  of  the  Chalky  Clay,  through  which  valleys  were  eroded  into 
the  Jurassic  days,  and  the  brown  (Hessle)  clay  is  found  only  in 
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thene  valleys.  The  auttror  oonolndes,  therefore,  thafc  the  "  Brown - 
clay  series  "  is  of  maoh  newer  date  than  the  "  Blue  and  grey  series." 
In  conclusion,  the  author  summed  up  the  inferences  drawn  in  the 
paper,  correlated  the  Basement  Clay  of  Holdemess  with  the  Chalky 
Clay  of  Lincolnshire,  and  suggested  that  the  Purple  Clay  may  be 
confined  to  the  east  side  of  the  wolds.  The  classification  he  would 
pn^>ose  is  therefore  as  follows : — 

Lincolnshire.  Yorkshire. 

w«w«.  r>i««:«i  i  Heasle  Clay.       Hessle  and  Upper  Ked  Clay  of  coast. 
Newer  Glacial  |  p      j^  ^lay.       Purple  Clay.    ^ 
Older  Glacial  =  Challcy  Clay.      Basement  Clay. 
(.Report  to  be  eofUinuedJ) 


n. — ESPOBT    OF    THE     MEETING    OP    THE   GEOLOGISTS*    ASSOCIATION, 

January  2,  1885. 

On  SOME  Broent  Views  concerning  the  Geology  of  the  North^ 
West  Highlands.  By  Henry  Hicks,  M.D.,  F.G.S.,  President 
of  the  Association. 

THE  author  stated  that  as  the  Proceedings  of  the  Association 
contained  several  papers,  dealing  with  the  controversy  con- 
cerning the  rocks  of  the  North- West  Highlands  of  Scotland,  he 
thought  it  advisable  to  call  the  attention  of  the  members  to  views 
contained  in  an  important  article  published  in  <'  Nature/'  Nov.  Idlb, 
by  the  Director-General  of  the  Q^logical  Survey ;  and  in  a  **  Report 
on  the  Geology  of  the  North-West  of  Sutherland,"  by  Messrs.  Peach 
and  Home  in  the  same  Number,  which  cannot  fail  either  to  change 
entirely  t;he  future  character  of  the  controversy,  or  bring  it  rapidly 
to  a  satisfactory  issue.  Because  of  the  positions  held  by  the  chief 
disputants  on  the  one  side,  the  controversy  had  assumed,  to  a  great 
extent,  the  appearance  of  being  one  between  official  surveyors  and 
some  amateurs  who  had  been  led  to  study  the  questions  involved  in 
it.  The  well-known  and  widely-accepted  views,  first  put  forward  by 
SirE.  Murchison,  that  there  were  clear  evidences  in  the  North-West 
of  Scotland  of  a  "regular  conformable  passage  from  fossiliferous 
Silurian  quartzites,  shales,  and  limestones  upwards  into  crystalline 
schists,  which  were  supposed  to  be  metamorphosed  Silurian  sedi- 
ments," were  fully  adopted  by  the  official  surveyors,  including  Sir 
A.  C.  Ramsay  and  Prof.  Geikie,  also  by  the  late  Prof.  Harkness 
and  others  who  had  examined  the  areas.  Prof.  Nicol,  of  Aberdeen, 
however,  for  many  years  stoutly  contested  Sir  R.  Murchison's  views, 
and  maintained  that  they  were  based  on  erroneous  observations. 
Unfortunately  his  views  did  not  meet  with  much  approval  at  the 
time.  In  1878  the  author  reopened  the  controversy  by  calling 
littention  to  some  sections  examined  by  him  in  Ross-shire,  which  he 
maintained  did  not  bear  out  the  views  of  Sir  R.  Murchison.  He 
also  suggested  a  modified  interpretation  of  the  vie  we  of  Prof.  Nicol. 
Since  then  different  areas  in  Ross  and  Sutherland  have  beeu 
examined  by  Mr.  Hndleston,  Prof.  Bonney,  Mr.  Callaway,  Prof. 
Xtapworth  and  Prof.  Blake,  and  their  conclusions  showed  that 
though  slight  differences  of  opinion  prevailed  on  some  points,  yet 
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with  regard  to  the  main  questions  all  were  agreed,  as  to  there  being 
BO  evidence  in  the  areas  examined  by  them  to  support  the  Murohi- 
Bonian  views  of  a  conformable  upward  succession.  Many  other 
facts  also  of  great  importance  were  brought  out  in  these  inquiries* 
The  author  expressed  gratification  at  the  candid  manner  in  which 
the  whole  question  had  been  dealt  with  by  the  Director- General 
and  the  Surveyors  in  their  recent  report,  and  at  their  readiness  in 
acknowledging  that,  after  due  examination  in  the  coui'se  of  surveying 
and  mapping  parts  of  the  areas  referred  to,  they  had  found  the 
'*  evidence  altogether  overwhelming  against  the  upward  succession 
which  Murchison  believed  to  exist." 


cojE^ErEsi'OisrnDsisrcE. 


THE  CLASSIFICATION  OF  THE  JUKASSIC  SYSTEM. 

Sir, — Mr.  Blanford  states  that  a  line  of  division  drawn  between 
the  Cornbrash  and  the  Oxfordian  has  no  general  value,  "the  (litho- 
logical)  change  being  confined  to  but  a  small  part  of  the  earth's 
surface."  England,  France  and  Germany  may  be  only  a  small  part 
of  the  earth's  surface,  but  I  think  most  English  geologists  will  be 
satisfied  with  a  classification  of  the  Jurassic  rocks  that  is  applicable 
to  these  three  countries,  and  a  lithological  change  does  take  place 
about  this  horizon  in  all  of  them. 

Mr.  Blanford  proposes  to  include  the  Oxford  Clay  in  the  Middle 
Jurassic  and  to  draw  the  line  of  separation  between  this  clay  and 
the  Coral  Rag,  but  he  does  not  say  whether  he  would  include  the 
Argovien  or  Lower  Calcareous  Grit  in  the  former  or  the  latter ;  he 
will  find  that  foreign  authorities  differ,  and  that  either  course  is 
unsatisfactory,  if  the  line  is  to  separate  divisions  of  primary  rank, 
the  Coral  lian  as  a  whole  being  as  closely  connected  with  the  Oxford 
as  with  the  Eimmeridge  Clay. 

In  conclusion,  let  me  adroit  that  I  stand  corrected  as  to  the  use  of 
the  word  "  stage  "  ;  it  should  be  retained  for  divisions  of  secondary 
rank,  and  1  should  not  have  used  it  in  the  sense  of  a  primary 
division.  A.  J.  Jukbs-Bbownb. 

Jtm,  19M,  1886. 

SEARLES    V.    WOOD,    THE    YOUNGER,    F.G.S. 

Born  Fbbbuart  4,  1830.     Bibd  Dbcbmbbb  14,  1884. 

Searles  Valentine  Wood,  jun.,  the  son  of  Mr.  S.  V.  Wood,  the 
well-known  palseontologist,  was  born  at  Hasketon,  in  Suffolk,  on 
February  4th,  1830.  He  was  educated  first  at  King's  College, 
London,  and  afterwards  in  France.  From  his  boyhood  he  began  to 
take  the  liveliest  interest  in  the  scientific  pursuits  of  his  father. 
We  find  him  as  far  back  as  1843-5  assisting  in  the  investigations  in 
which  Mr.  Wood,  sen.,  was  then  engaged  of  the  Eocene  Fresh-water 
beds  of  Herd  well  Cliff.  Indeed  he  may  be  said  to  have  been 
educated  upon  Tertiary  Geology  from  his  youth  up.  In  1862  he 
wrote  an  elaborate  paper  on  *'  The  Form  and  Distribution  of  the 
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land-tracts  during  the  Secondary  and  Tertiary  periods  respectively, 
and  on  the  effect  upon  Animal  life  which  great  changes  in  Geo- 
graphical configuration  have  probably  produced."  It  was  read 
before  the  Geological  Society,  and  was  afterwards  printed  in  the 
Philosophical  Magazine.  In  1863  he  wrote  a  paper  on  **  The  events 
which  produced  and  terminated  the  Purbeck  and  Wealden  deposits 
of  England  and  France,"  and  shortly  after,  another,  on  "The  Belgian 
Equivalents  of  the  Upper  and  Lower  Drifts  of  the  Eastern  Counties," 
a  third  on  "The  Red  Crag  and  its  relation  to  the  Flu vio- Marine 
Crag  and  the  Drift  of  the  Eastern  Counties,"  and  a  fourth  "On 
the  Formation  of  the  River  Valleys  of  the  East  of  England."  In 
the  last  of  these  he  enunciated  a  theory  which  has  received 
but  little  attention,  but  which  he  strenuously  maintained  till  the 
last  He  was  elected  a  Fellow  of  the  Geological  Society  in  1864* 
Having  long  studied  the  Glacial  beds  of  East  Anglia,  he  read 
a  paper,  in  the  same  year,  embodying  the  results  of  the  work  he 
had  carried  on  in  this  field,  on  "The  Drift  of  the  East  of  England." 
The  next  year  he  published,  for  private  circulation,  a  map  of  the 
drift  over  eight  counties,  together  with  remarks  in  explanation  of 
it ;  the  first  attempt  which  had  ever  been  made  to  map  the  Glacial 
beds,  and  which,  constructed  at  a  time  when  the  Geological  Survey 
ignored  these  deposits  altogether,  must  be  regarded  as  the  parent  as 
well  as  the  predecessor  of  the  many  glacial  maps  which  have  since 
been  issued.  He  had  been  designated  for  the  legal  profession, 
having  been  admitted  a  solicitor  in  1851,  but  the  death  of  a  gentle- 
man with  whom  he  was  associated,  in  1865,  although  leaving  a 
lucrative  practice  in  his  hands,  gave  him  an  opportunity,  which  he 
seized  with  alacrity,  of  devoting  himself  to  the  elucidation  of  the 
Glacial  beds.  In  association  with  his  friend,  Mr.  Harmer,  of 
Norwich,  he  spent  the  following  six  or  seven  years  in  the  work, 
during  which  time  more  than  10,000  miles  were  traversed,  and 
every  section  of  importance  in  the  whole  district  examined,  the 
results  being  published  by  the  Palaeontographical  Society  in  1872. 

Mr.  Wood's  mental  activity  and  industry  were  marvellous. 
Although  during  the  last  ten  years  of  his  life  a  confirmed  invalid,  so 
much  so  as  to  be  for  a  great  part  of  the  time  incapacitated  from  all 
lx>dily  exertion,  and  during  the  summer  months  from  all  kinds  of 
literary  or  mental  work ;  papers  of  the  most  elaborate  kind  were 
constantly  issuing  from  his  study.  Previously  to  his  health  breaking 
down,  he  had,  in  company  with  the  Rev.  T.  L.  Rome  and  Mr. 
Harmer,  made  several  excursions  into  Lincolnshire,  Yorkshire,  and 
the  neighbouring  counties,  for  the  purpose  of  studying  the  Glacial 
deposits  of  the  North-east  of  England,  the  result  being  published 
by  himself  and  Mr.  Rome,  in  1867,  in  the  well-known  paper  on 
that  subject  In  1870  this  was  supplemented  by  another  elaborate 
paper,  accompanied  by  what  Sir  Charles  Lyell  called  "Miles  of 
Sections,"  "  On  the  Relation  of  the  Boulder-clay  without  Chalk  of 
the  North  of  England  to  the  Chalky  Clay  of  the  South."  In  1867 
he  had  given  to  the  Society  an  account  of  his  views  on  the  structure 
of  the  Post-Glacial  beds   of  the   South-east  of  England,   having 
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previously  placed  in  the  library  at  Burlingtoii  House  a  mannscript 
"work  of  great  length  on  the  same  subject. 

While  engaged  in  the  Survey  of  Norfolk,  Messrs.  Wood  and 
Harnier  had  come  across  a  band  of  fossiliferous  sand  in  the  Middle 
Glacial  deposits  near  Yarmouth,  full  of  comminuted  shells,  vi^hich 
were  in  such  a  fragmentary  condition  that  few  species  could  be 
determined.  Although  presenting  so  much  difficulty,  the  discovery 
Appeared  to  Mr.  Wood  so  important  that  he  had  about  two  tons  of 
the  material  sent  over  to  Brentwood,  where  he  then  lived,  and  spent 
whole  weeks  in  sifting  and  examining  it.  The  result  was  the 
determination  of  seventy  species  of  MoUusca,  several  of  them  being 
new  to  science,  the  whole  fauna  showing  a  much  older  faoies  than 
that  of  the  so-called  Middle  Sands  of  Lancashire,  which  had  been 
up  to  that  time  regarded  as  contemporaneous  with  them. 

In  1871  and  the  following  years  Mr.  Wood  continued  to  write 
many  papers.  In  1880  and  1882  he  published  his  last  essay  on 
what  he  preferred  to  call  the  **  Newer  Pliocene  Period."  Although 
the  best  work  of  his  life  must  no  doubt  be  regarded  as  that  which 
he  devoted  to  tracing  the  history  of  the  younger  formations  of  the 
East  of  England,  yet  he  nevertheless  took  the  keenest  interest  in  the 
Glacial  and  later  Tertiary  phenomena  of  other  parts  of  the  globe, 
and  in  1877  he  published  his  views  on  the  subject  at  considerable 
length  in  the  Geological  Magazine.  He  was  meditating  a  further 
treatise  thereon  at  the  time  of  his  death,  although  a  confirmed 
invalid,  and  often  racked  with  pain.  The  last  work  in  which  he 
engaged  was  a  paper  on  "The  Discovery  of  the  Fossiliferous  Beds  of 
St.  Erth,  in  Cornwall,"  which  was  read  at  the  Geological  Society. 
His  industry  was  untiring,  and  considering  his  feeble  health 
tnarvellous.  Always  ready  to  admit  himself  in  error  when  the 
discovery  of  new  facts  required  it,  with  a  single-hearted  desire  to 
ascertain  the  truth,  he  was  ever  willing  to  place  at  the  disposal  of 
others  the  knowledge  he  himself  possessed.  On  the  death  of  his 
father  he  was  chosen  Treasurer  of  the  Paleeontographical  Society, 
which  office  he  held  until  the  last.  He  died  on  the  14th  December, 
after  a  few  days'  illness,  at  his  residence.  Beacon  Hill  House,  near 
Woodbridge,  and  was  buried  at  Melton  Church,  in  the  centre  of  the 
district  which  the  labours  of  his  father  and  himself  have  made  for  all 
time  classical  ground  to  students  of  geology. 

The  following  is  a  List  of  Mr.  Wood's  Papers : — 

On  the  Probable  Events  which  succeeded  the  Close  of  the  Cretaceous  Period.  Quart* 
Joum.  Geol.  Soc.  1860,  vol.  xvi.  pp.  328-329. 

On  the  Form  and  Distribution  of  the  Land-Tracts  during  the  Secondary  and  Ter- 
tiary Periods  respectively ;  and  on  the  effects  upon  Animal  Life  which  great 
Changes  in  Geograj^cal  Configuration  have  probably  produced.  Phil.  Mag. 
1862,  vol.  xxiii.  pp.  161-171,  269-282,  382-893. 

On  the  Events  which  Produced  and  Terminated  the  Purbeck  and  Wealden  Deposits 
of  England  and  France,  and  on  the  Geographical  Conditions  of  the  Basin  in 
which  they  were  Accumulated.     Phil.  Mag.  1863,  vol.  xxv.  pp.  268-269. 

On  the  Red  Crag  and  its  relation  to  the  Fluvio-marine  Crag,  and  on  the  Drift  of 
the  Eastern  Counties.  Ann.  and  Mag.  Nat  Hist.  1864,  ser.  3,  vol.  xiii.  pp. 
186-203. 

On  the  Belgian  Equivalents  to  the  Upper  and  Lower  Drift  of  the  Eastern  Countiest 
Ann.  and  Mag.  Nat.  Hist.  1864,  vol  xiii.  pp.  393-405. 
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The  Bridlington  Crag.     Gbol.  Mao.  1864,  Vol.  I.  pp.  246-247. 

On  the  Structure  of  the  Red  Crag  in  Suffolk  and  Essex.    Quart.  Joum.  Geol.  Soo. 

1864,  vol.  IX.  p.  121 ;  Phil.  Mag.  1864,  vol.  xxvii.  p.  156. 
On  the  Formation  of  the  River  and  other  Valleys  of  the  East  of  England.    PhiL 

Mag.  1864,  vol.  xxvii.  pp.  180-190. 
On  the  Drift  of  the  East  of  England  and  its  Divisions  (1864).    Q.  J.  Geol.  Soc. 

1866,  vol  xxi.   pp.    141-142   (abstract);    Phil.   Mag.   1866,   vol.  xxix.  pp. 

240-241. 
Remarks  in  Explanation  of  the  Map  of  the  Upper  Tertiaries  of  the  Counties  of 

Norfolk,  Suffolk,  Essex,  Middlesex,  Hertfoi^  Cambridge,  Huntingdon,  and 

Bedford,  with  parts  of  those  of  Buckingham  and  Lincoln,  and  accompanying 

Sections,  for  1866,  pp.  24  ;  with  Map  and  Sections  (privatelj/  printed.) 
On  the  Structure  of  the  Thames  Valley  and  of  its  contained  deposits.    Geol.  Mao. 

1866,  Vol.  III.  pp.  67-63,  99-107. 
On  the  Structure  of  the  Vallevs  of  the  Blackwater  and  the  Crouch  and  of  East  Essex 

Gravel,  and  on  the  Relations  of  this  Gravel  to  the  Denudation  of  the  Weald. 

Gbol.  Mao.  1866,  Vol.  III.  pp.  348-354. 
On  the  Relation  which  the  East  Essex  Gravel  bears  to  the  structure  of  the  Weald 

Valley.    Gbol.  Mao.  1866,  Vol.  III.  pp.  398-406. 
On  the  Structure  of  the  Red  Crag,  by  S.  V.  Wood,  sen.,  with  an  Explanation  of  the 

Diagram  Section  by  S.  V.  Wood,  jun.    Quart.  Joum.  Geol.  Soc.  1866,  vol. 

xxii.  pp.  538-662;  Phil.  Mag.  1866.  vol.  xxxii.pp.  230-231. 
Faults  in  the  Drift  at  Hitchin.     Gbol.  Mao.  1867,  Vol.  IV.  pp.  37-40. 
Age  and  Position  of  the  Drift-Deposits  of  the  Eastern  Counties.    Geol.  Mao.  1867» 

Vol.  IV.  pp.  189-191. 
Drift- Deposits  of  the  Eastern  Counties.     Gbol.  Mao.  1867,  Vol.  IV.  pp.  876-376. 
A  Memoir  in  Explanation  of  the  Structure  of  die  Glacial  and  Post- Glacial  System 

....  over  the  E.,  S.E.,  S.,  and  part  of  the  S.W.  of  England  (1867).    lai^ 

folio  MS.  and  Maps,  in  Library  Geol.  Soc. 
Boulder- Clay  and  Drift  of  Norfolk  and  Suffolk,  and  on  the  North  Side  of  the  Thames 

Valley.     Gbol.  Mao.  1867,  Vol.  IV.  pp.  479-80. 
On  the  so-called  Deposits  of  the  old  Estuary  of  the  Tare.    Geol.  Mao.  1867» 

Vol.  IV.  pp.  560-661. 
On  a  Section  at  Litcham  affording  Eridence  of  Land-gladation  during  the  earlier 

part  of  the  Glacial  Period  in  England  (1866).    Quart.  Joum.  Geol.  Soo.  1867, 

vol.  xxiii.  pp.  84-87 ;  Phil.  Ma^.  1867,  vol.  xxxiii.  p.  168. 
On  the  Structure  of  the  Post-Glacial  Deposits  of  the  S.E.  of  England.    Quart. 

Joum.  Geol.  Soc.  1867,  vol.  xxiii.  pp.  394-417;  Phil.  Mag.  1867,  vol.  xxxiv. 

pp.  402-403.    (Corrections  in  Gbol.  Mao.  Vol.  V.  pp.  43,  634.) 
Reply  to  W.  Boyd-Dawkins,  on  the  Thames  Valley  Deposits,  etc. ;   and  to  A.  H. 

Green,  on  tne  Onse  Valley  at  Buckingham.    Gbol.  Mao.  1868,  VoL  V.  pp.^ 

42-46. 
On  the  Glacial  Clay  of  the  Ouse  Valley,  the  Thames  Valley,  etc.    Geol.  Mao. 

1868,  Vol.  V.  pp.  147-148. 
On  the  Pebble- Beds  of  Middlesex,  Essex,  and  Herts.    Quart.  Joum.  Geol.  Soo. 

1868,  vol.  xxiv.  pp.  464-471 ;  Phil.  Mag  1869,  vol.  xxxvii.  pp.  148-149. 
On  Aitarte  exeurrent  and  A.  modesta,  Ann.  and  Mag.  Nat.  Hist.  1870,  vol.  vi.  p.  423. 
Observations  on  the  Sequence  of  the  Glacial  Beds.    Gbol.  Mao.  Vol.  VII.  1870, 

pp.  17-22,  61-68,  and  Vol.  VIII.  1871,  pp.  406-412,  477. 
The  Boulder-Clay  of  Caithness.    Gbol.  Mao.  1870,  Vol.  VII.  p.  347. 
On  the  Relation  of  the  Boulder- Clay,  without  Chalk,  of  the  North  of  England,  to 

the  great  Chalky  Boulder-Clay  of  the  South  (1869).    Quart  Joum.  Geol.  Soc. 

1870,  vol.  xxvi.  pp.  90-110 ;  Phil.  Mag.  1870,  vol.  xl.  pp.  72-73. 
On  Mr.  Croirs  Hypothesis  of  the  Formation  of  the  Yorkshire  Boulder-Clay.    Gbol. 

Mao.  1871,  Vol.  VIII.  p.  92. 
On  the  Evidence  afforded  by  the  Detrital  Beds  without  and  within  the  North- 

Eastem  part  of  the  Valley  of  the  Weald  as  to  the  Mode  and  Date  of  the  Denu- 
dation of  that  Valley  (1870).     Quart.  Joum.  Geol  Soc.  1871,  vol.  xxvii.  pp. 

3-26;  PhU.  Mag.  1871,  vol.  xli.  p.  319. 
On  the  Assumption  ot  the  adult  form  by  the  genera  Ot/praa  and  RingietUa^  and  by 

certain  species  of  die  genus  Aitarte,    Ann.  and  Mag.  Nat.  Hist  1871,  vol.  vu. 

pp.  171-172. 
The  Raised  Beach  on  Portsdown  Hill.    Geol.  Mao.  1872,  Vol.  IX.  pp.  92-93. 
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On  the  Climate  of  ihe  Post-Glacial  Period.  Geol.  Mao.  1872,  Vol.  IX.  pp.  153-161." 
Beply  to  Mr.  James  Geikie  s  <*  Correlation  of  the  Scotch  and  JSngiish  Glacial  Beds." 

Geol.  Mao.  1872,  Vol.  IX.  pp.  171-176,.  362-366. 
37ote  on  the  Shells  from  the  Lower  Boolder-Clay  of  Dawpool.     Quart  Joum.  Geol. 

Soc.  1872,  vol.  xxviii.  p.  392. 
The  Climate  Controversy.     Geol.  Mao.  Decade  II.  Vol.  III.  1876,  pp.  386-398, 

442-461,  and  Vol.  iV.  1877,  p.  43. 
Physical  Geology  of  East  Anglia  in  the  Glacial  Epoch.    Geol.  Mao.  1876,  Decade 

II.  Vol.  Ill,  pp.  284-286. 
American  "  Surface  Geology,"  and  its  Relation  to  British,  with  some  Remarks  oa 

the  Glacial  Conditions  in  Britain,  especially  in  reference  to  the  **  Great  Ice 

Age*'  of  Mr.  James  Geikie.     Geol.  Mao.  Decade  II.  Vol.  IV.  1877,  pp. 

481-496,  636-661,  and  Vol.  V.  1878,  pp.  13-29,  187-188. 
Sub-Glacial  Origin  of  Till.    Geol.  Mao.  Decade  II.  Vol.  V.  p.  335. 
The  Newer  Pliocene  Period  in  England  (fiart  1),  Comprising  the  Red  and  Flnvio- 

marine  and  Crajr  and  Glacial  Formation.     Geol.  Mao.  Decade  II.  Vol.  VII. 

pp.  231-236  ;  Quart.  Joum.  Geol.  Soc.  1880,  vol  xxxvi.  pp.  467-628. 
The  Glacial  Deposits  of  Cromer.    Geol.  Mao  Decade  II.  Vol.  Vll.  pp.  189,  190. 
Further  Remarks  on  the  Origin  of  the  Valley  System  of  the  South-Eastem  Half  of 

En^and,  prompted  by  9ie  Result  of  a  Bonng  near  Witham,  in  Essex.     Geol. 

Mao.  1881,  Decade  II.  Vol.  VII.  pp.  602-604. 
On  the  Origin  of  the  Loess.     Geol.  Mao.  1882,  pp.  339-343,  411-416. 
On  the  Newer  Pliocene  Period  in  England  (concluding  part).    Geol.  Mao.  Decade 

II.  Vol.  IX.   1882,  pp.  331-334 ;    Q.  J.  G.  S.  xxxviiL  1882,  pp.  677-746. 
Reply  to  Mr.  Mellaid  Reade.     Geol.  Mao.  Decade  II.  Vol.  X.  p.  2i0. 
On  the  Cause  of  die  Glacial  Period.     Geol.  Mao.  1883,   pp.  293-302. 
Chalk-Masses  in  Cromer  Drift.    Geol.  Mao.  1883,  pp.  334,  336,430. 
Further  Remarks  on  the  Origin  of  the  Loess.    Geol.  Mao.  1883,  pp.  389-397. 
On  the  Long  Meadend  Bed.     Geol.  Mag.  1883,  pp.  493-497,  673,  674. 
Further  Remarks  on  the  Long  Meadend  Bed.     Geol.  Mao.  1884,  pp.  66-73. 
On  a  New  Deposit  of  Pliocene  Age  at  St.  Erth,  16  miles  east  of  Land  s  End,  Corn- 
wall.   Geol.  Mao.  1884,  pp.  672-673  ;  Q.J.G.8.  1886,  vol.  xli.  pp.  66-71. 
Wood^  Searles  Valentine,  and  harmer,  F,   W,    On  the  Glacial  and  Post-Glacial 

Structure  of  Norfolk  and  Suffolk.     Geol.  Mao.  1868,  Vol.  V.  pp.  462-466 ; 

Brit.  Assoc.  Report  for  1868  (Sect.),  pp.  80-83. 
On  a  Peculiar  Instance  of  Intraglacial  Erosion  near  Norwich.    Quart.  Joum.  Geol. 

Soc.  1869,  XXV.  pp.  269-260,  446-449 ;  Phil.  Mag.  1869,  xxxviii.  p.  466. 
On  the  Palseontological  Aspects  of  tiie  Middle  Glacial  Formation  of  the  East  of 

England,  and  tneir  bearing  upon  the  Age  of  the  Middle  Sands  of  Lancashire. 

Brit  Assoc.  Report  for  1870  (Sect ),  pp.  90-91. 
An  Outline  of  the  Geology  of  the  Upper  Tertiaries  of  East  Anglia,  published  as  an 

Introduction  to  part  i.  1872,  of  S.  V.  Wood's  Crag  MoUusca,  PaL  Soc.  Mon. 

g).  ii.-xxxi.  (with  Map  and  Sections), 
essingland  l<Veshwater  Bed  and  Weyboume  Sand.    Geol.  Mao.  1877,  p.  386. 
Observations  on  Later  Tertiary  Geology  of  East  Anglia.   Q.  J.  G.  S.  1 877,  pp.  74-1 19. 
Wood^  S.  V.y  and  Home,  J,  L,     On  the  Glacial  and  Post-Glacial  Stmcture  of  Lin- 
colnshire and  South-East  Yorkshire.     Phil.  Mag.   1867,  vol.  xxxiv.  p.  480 ; 
Q.  J.  G.  S.  1868,  pp.  2-3, 146-184.    [A  Map  of  this  area  was  separately  issued.] 


ALFRED  TYLOR,  F.G.S. 
BoBK,  1823.  Died,  1884. 
Alfred  Tylor,  F.G.S.,  of  Shepley  House,  Carshalton,  who  died  on 
December  3l8t  last,  will  be  remembered  as  a  promoter  of  technical 
education  at  a  time  when  its  vital  importance  was  little  recognized, 
and  the  English  manufacturing  mind  was  generally  set  against  it. 
He  was  intimately  associated  with  Dr.  von  Steinbeis,  whose  energy 
in  this  direction  did  so  much  to  give  to  the  little  kingdom  of 
Wurtemburg  its  industrial  prominence  in  Germany,  Mr.  Tyler's 
work,  ''Education  and  Manufactures,"  arising  out  of  his  Jar}'-. 
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report  on  Metal-work  at  the  Exhibitioa  of  1862.  wns  translated 
into  Oerman,  and  also  appeared  in  Swedish.  Mr.  Tylor  sat  for 
some  years  on  the  Council  of  the  Geological  Society.  His  Geological 
papers  relate  principally  to  the  flow  of  rivers  as  connected  with  the 
erosion  of  valleys  and  the  deposit  of  gravel-beds;  they  contain 
much  systematised  information,  for  instance,  as  to  the  mechanical 
action  of  the  Mississippi  and  the  Ganges.  It  is  well  known  that  his 
study  of  river- valleys  and  drift-gravels  led  him  to  the  hypothesis 
of  a  Post-Glacial  time  of  enormous  rainfall  which  he  called  the 
•*  Pluvial  Pkkiod.'*  The  term,  though  not  generally  acknowledged, 
has  been  found  of  considerable  use,  to  judge  from  its  not  unfrequent 
appearance  in  many  Geological  works. 

Mr.  Tyler's  paper  "  On  Changes  of  the  Sea-level  and  on  Denuda- 
tion "  (1853),  contains  a  method  of  computing  the  present  rate  of 
denudation  of  the  land  from  the  present  pluvial  and  marine  action 
by  estimate  of  the  material  now  being  carried  out  to  sea  by  rivers 
and  removed  from  clififs  by  the  sea,  and  the  author  contends  that 
there  were  larger  rivers,  more  rainfall,  and  greater  denudation  in 
former  periods. 

In  his  paper  "  On  the  Upper  and  Lower  Valley-Gravels  of  France 
and  England"  (1866),  the  author  enunciated  the  view  that  what 
were  termed  "  High  "  and  '*  Low  Valley-Gravels,"  were  of  one  age, 
and  close  to  the  Historical  Period. 

His  paper  in  1868  "On  the  Amiens  Gravel"  makes  the  first 
definite  mention  of  the  ''Pluvial  Period." 

In  Mr.  Tylor's  paper  "  On  the  Quaternary  Gravels  of  England," 
(1869),  he  gives  a  calculation  to  show  that  the  volume  of  the  flood- 
waters  of  the  Gravel-Period  must  have  been  125  times  greater 
than  that  at  present  in  the  same  valleys,  and  the  volume  of  the 
rivers  20  times  as  large  as  at  present. 

In  his  paper  "  On  the  Formation  of  Deltas,"  etc.  (1869),  Mr. 
Tylor  suggests  a  rainfall  of  300  inches  in  the  .Gravel-Period.  He 
also  treats  of  the  law  of  the  Parabolic  Curve  of  River -Valleys,  and 
the  lowering  of  the  sea-level  600  feet  in  the  Glacial  Period,  etc. 

In  his  later  years  he  devoted  much  time  to  the  consideration  of 
Coloration  in  Plants  and  Animals  in  relation  to  their  structure,  as 
well  as  to  the  protective  advantages  derived  by  the  possession  of 
such  colour-markings. 

In  future  years  Mr.  Tylor  will  be  chiefly  remembered  not  only  in 
the  Society  of  Friends,  but  in  a  far  wider  circle,  as  one  who  had  the 
cause  of  education  most  earnestly  at  heart,  and  still  more  for  the 
generous  and  friendly  hand  which  he  was  at  all  times  ready  to 
extend  to  help  his  fellow-men  in  any  way  within  his  power. 

The  following  is  a  List  of  his  Geologic^d  Papers : — 

On  the  Occmrence  of  Productive  Iron  Ore  in  the  Eocene  Formations  of  (Hengistbury 
Head)  Hampshire.     Qoart.  Joom.  Geol.  Soc.  1850,  toI.  vi.  pp.  133-134. 

On  Changes  of  the  Sea-Level  Effected  bv  Existing  Physical  Causes  during  Stated 
Periods  of  Time.  Phil.  Mag.  1863,  vol.  t.  pp.  258-281 ;  Silliman*s  Joum.  1854, 
vol.  iviii.  pp.  21-32,  216-229 ;  Quart.  Joum.  Geol.  Soc  1863,  vol.  ii.  p.  49 
(abstract). 

On  the  Footprint  of  an  Iguanodon,  lately  found  at  Hastings.  Quart.  Jonm.  Geol. 
Soc.  1862,  vol.  xviii.  pp.  247-263. 
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On  the  Disoovery  of  Supposed  Haman  Remains  in  the  Tool-bearing  Drift  of  Moulin* 

Quignon.    Anthropol.  Review,  1863,  vol.  i.  pp.  166-168. 
On  the  Interval  of  Time  which  has  passed  between  the  Formation  of  the  Upper  and 

Lower  Valley-Gravels  of  England  and  France.    Quart.  Joum.  Geol.  Soc.  1866, 

vol.  xiii.  pp.  463-468. 
On  the  Amiens  Gravel.    Quart.  Joum.  Geol.  Soc.  1868,to1.  xxiv.  pp.  103-125 ;  Gbol, 

Mag.  1867,  Vol.  IV.  p.  105  ;  Silliman*s  Joum.  Science,  vol.  xlvi.  pp.  302-327. 
On  the  Quaternary  Gravels  of  England.    Quart.  Joum.  Geol.  Soc.  vol.  xxiv.  1868, 

p.  465,  and  vol.  xxv.  1869,  pp.  67-100 ;  Gbol.  Mao.  1868,  Vol.  V.  pp.  338-339. 
Discovery  of  a  Pleistocene  Freshwater  Deposit,  with  Shells,  at  Highbury  New  Park, 

near  Stoke  Newington.    Geol.  Mao.  1868",  Vol.  V.  pp.  391-392. 
On  the  Formation  of  Deltas,  and  on  the  Evidence  and  Cause  of  Great  Changes  of 

Sea-Level  during  the  Glacial  Period.    Quart.  Joum.  Geol.  Soc.  1869,  voL  xxv. 

p  9  (abstract).    Gbol.  Mao.  1868,  Vol.  VI.  pp.  676-677. 
The  same  Paper  as  above  brought  up  to  date.    Gbol.  Mao.  1872,  Vol.  IX.  pp. 

392-399,  486-600. 
On  the  Action  and  Formation  of  Rivers,  Lakes,  and  Streams,  with  Remarks  on 

Denudation  and  the  Causes  of  the  Great  Changes  of  Climate  which  have  occurred 

just  prior  to  th«  Historical  Period.    Gbol.  Mao.  1876,  Decade  II.  Vol.  XI. 

pp.  433-476. 
Denuding  Agencies  and  Geological  Depositions  under  the  Flow  of  Ice  and  Water, 

with  the  Laws  which  Rebate  these  Actions.     Quart.  Joum.  Geol.  Soc  1876, 

Tol.  xixii.  pp.  4-9  ;  Gbol.  Mao.  1876,  Decade  II.  Vol.  III.  pp.  90-93. 

JOHN    GWYN   JEFFREYS,    LL.D.,    F.R.S.,    F.L.S.,    F.G.S. 
Born  Jakuart  18,  1809.     Dibd  Januart  24,  1886. 

Dr.  J.  Qwyn  Jeffreys  was  born  at  Swansea,  January  18th,  1809, 
and  while  yet  a  boy  showed  considerable  taste  for  natural  history, 
by  collecting  the  insects  and  shells  of  South  Wales.  When  only  19 
he  read  a  paper  at  the  Linnean  Society  ;  and  from  that  date  until 
his  decease  he  has  contributed  by  his  writings  to  our  knowledge 
of  the  MoUuscan  fauna  of  Europe,  and  the  North  Atlantic  His 
most  important  works  are  his  "  British  Conchology,"  and  a  series  of 
papers  in  the  Proceedings  of  the  Zoological  Society,  and  the  Reports 
of  the  British  Association.  At  the  age  of  20  he  was  elected  a  Fellow 
of  the  Linnean  Society,  and  in  1840  a  Fellow  of  the  Royal  Society, 
and  an  Honorary  LL.D.  of  St.  Andrews.  He  was  elected  a  Fellow 
of  the  Geological  Society  in  1861.  He  took  great  interest  in  the 
meetings  of  the  British  Association,  and  was  Local  Treasurer  at  the 
1st  meeting  at  Swansea  in  1848,  and  a  Vice-President  when  the  last 
meeting  was  held  in  the  same  town  in  1880.  In  1877  he  was 
chosen  President  of  the  Biological  Section.  For  many  years  he 
filled  the  office  of  Treasurer  of  the  Linnean  Society,  and  also  of  the 
Geological  Society.  He  took  part  with  Dr.  W.  B.  Carpenter  and 
the  late  Sir  Wy  ville  Thomson  in  their  researches  in  deep-sea-sound- 
ings made  by  the  "  Valorous,"  the  "  Lightning,"  and  **  Porcupine  " 
expeditions.  He  greatly  interested  himself  in  the  labours  of  those 
French,  Belgian,  and  Italian  palaeontologists,  who  devoted  themselves 
to  the  investigation  of  the  Newer  Pliocene  deposits  of  Europe,  and 
many  of  his  own  papers  have  an  important  bearing  upon  the  Shells  of 
the  Glacial  Beds  in  this  country.  He  died  at  his  town -residence  (1, 
The  Terrace,  Kensington)  on  Saturday,  Jan.  24, 1886,  aged  76  years. 
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I. — Oscillations  of  Level  along  oub  South  Coast  since  the 

Human  Period. 

By  J.  Stabkib  Gaadnbb,  F.L.S.,  F.G.S. 

IN  the  latest  number  of  the  Quarterly  Journal  of  the  Geological 
Society  there  is  a  description  by  Mr.  D.  Pigeon,  F.G.S.,  of 
recent  discoveries  in  the  submerged  Forest  of  Torbay.  The  paper 
is  highly  interesting,  and  records  many  facts,  valuable  alike  to  the 
geologist  and  archsBologist.  But  the  inferences  he  draws  from 
them  in  opposition  to  Mr.  Pengelly,  though  not  altogether  un- 
challenged in  the  discussion  of  his  paper,  were  not  contradicted  as 
emphatically  as  they  might  have  been.  As  I  take  interest  in,  and 
have  observed  signs  of  upheaval  and  depression  along  our  coast-line, 
and  believe  that  scarcely  any  part  of  the  coast  is  at  rest,  I  beg  leave 
to  protest  against  this  latest  of  several  attempts  to  show,  that  remains 
of  forests,  now  beneath  the  sea-level,  originally  grew  at  the  levels  they 
now  occupy.  We  know  that  it  is  possible  that  forests  might  grow  at 
a  lower  level  than  the  sea  until  a  protecting  dam  gave  way  and  they 
became  overwhelmed ;  but  I  would  ask  whether  there  is  any  example 
of  such  growing  anywhere  round  the  coasts  of  Great  Britain  to-day, 
and  whether  there  is  anything  to  lead  to  the  belief  that  there  were, 
at  the  epochs  of  these  submerged  forests,  any  physical  conditions  that 
rendered  it  more  probable  that  forests  might  have  grown  below  high- 
water  mark  along  the  coasts,  then  than  now.  To  admit  that  there 
were,  would  admit  a  change  of  some  kind,  presumably  of  level, 
which  is  what  I  maintain.  My  own  idea  is  that  the  physiography,  of 
the  south  coast  at  least,  is  entirely  opposed  to  the  growth  of  forests 
behind  dykes  below  the  sea-level,  and  that  the  only  probable  ex- 
planation of  their  present  position  is  a  subsidence  of  the  area  on 
which  they  grew.  This  seems  so  self-evident  that  I  should  hardly 
have  thought  any  other  view  could  have  been  supported.  The  con- 
clusion I  take  most  particular  exception  to  is  this :  "  That  a  coast 
which  has  remained  stationary  for  the  last  2000  years  should  have 
made  such  active  use  of  the  preceding  twelve  or  twenty  centuries  for 
the  purposes  of  oscillation,  is  rather  hard  of  belief."  In  the  first 
place  there  is  no  sort  of  evidence  that  the  coast  was  stationary  for 
2000  years,  and  in  the  second,  were  it  so,  it  would  not  present  any 
reason  to  my  mind  why  evidence  of  the  occurrence  of  oscillations  in 
the  2000  years  preceding  should  be  rejected. 

Whether  Dr.  Barham  has  conclusively  established  the  identity  of 
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Ictis  and  St.  Michael's  Mount  I  do  not  know ;  but  he  has  not  con- 
clusively established  that  between  b.g.  9,  and  now,  there  has  been  no 
change  of  level  there.  For  a  good  thousand  years  of  the  time,  Ictis 
might  have  been  a  complete  island  or  a  complete  peninsula,  as  we 
are  without  records,  so  long  as  it  afterwards  reverted  to  its  original 
Htnte  ;  or  there  might  have  been  upheaval  of  the  causeway  counter- 
balanced by  the  removing  power  of  the  waves ;  or  depression  of  the 
causeway  keeping  pace  with— concealed — by  fresh  deposits  of  sands. 
The  Wash  is  a  long  way  to  go  for  another  example  of  the  stability  of 
coast-land,  while  as  for  the  opinions  of  the  early  English  chroniclers, 
it  is  not  likely  they  would  have  observed  movements  of  the  coast 
which  scientific  observers  of  the  present  day  have  not  remarked  upon. 
Now  let  us  glance  along  the  South  Coast  only,  and  we  shall  find 
the  very  reverse  of  stability.  To  begin  with  the  Tilbury  Docks — 
down  to  the  very  bottom  they  are  blue  clay  and  decayed  vegetable 
layers,  the  latter  so  fresh  at  40  feet  depth  that  they  are  still 
offensive.  The  subsidence  evidenced  here  can  be  traced  to  the 
mouth  of  the  river.  The  Swale  at  Sheppy  has,  on  the  other  hand, 
I  believe,  risen.  The  Eeculvers  have  risen — the  bed  of  the  river 
which  once  formed  the  Isle  of  Thanet  is  in  places,  I  believe,  above 
the  sea-level.  The  coast  off  Richborough  has  greatly  risen  sinoe 
Koman  times.  I  have  not  observed  the  chalk  cliff-lines  since  I 
became  interested  in  the  subject,  but  the  Hythe  coast  must  have 
risen  quite  80  feet  since  Roman  times,  and  the  Dungeness  shingles 
are  much  too  high  to  have  been  piled  in  their  present  position  by 
the  sea.  The  Pevensey  flats  must  also  have  risen.  The  sea  front 
of  Kent  thus  seems  to  be  rising.  Sussex  is  partly  rising,  partly 
sinking.  The  sudden  irruption  of  sea  and  loss  of  2700  acres  at 
Selsea  indicates  subsidence.  At  Pagham  Harbour  there  is  evidence 
of  elevation,  first  a  long  continued  period  of  ten*estrial  surface,  and 
finally  subsidence  followed  by  the  accumulation  of  estuarine  mud. 
Recent  changes  of  level  are  indicated  in  the  Solent  by  the  steep  fronts 
of  the  mud  flats,  destitute  of  weed,  which  are  seen  at  low-water, 
proving  that  a  wasting  action  has  set  in.  The  disappearance  of 
mud  flats  on  its  shores,  described  by  Fielding  in  1753,  is  evidence  of 
depression  during  this  century,  and  I  have  even  myself  noticed  a  very 
great  diminution  in  the  mud  off  Ryde  within  the  last  thirty  yeai-s. 
Stumps  of  trees  under  mud  and  shingle  show  a  depression  of  40  to 
60  feet  East  of  the  mouth  of  Beaulieu  river  there  is  a  broad 
expanse  of  shingle  above  highest  tide,  partly  overgrown  and  over- 
looked by  vertical  cliffs  which  the  sea  never  reaches.  There  are 
slight  evidences  of  depression  in  Brading  Harbour,  amongst  others 
a  well  has  been  rendered  useless  through  being  covered  by  the  sea 
at  high  tide.  A  well  at  Portsmouth  revealed  stumps  of  trees 
29  feet  below  high-water  mark,  among  them  Lacuna  Montaguei  and 
Zostera  marina  on  which  it  fed,  indicating  very  shallow  salt  water, 
above  which  is  4  feet  of  blue  clay  with  common  living  shells. 
Part  of  Fort  Cumberland,  near  Portsmouth,  stands  on  a  bank  of 
gravel  and  sand,  and  owing  to  some  new  groins,  a  fresh  directioa 
was  given  to  the  tide  and  a  portion  of  the  bank  washed  away,  in  the 
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ooarse  of  which  a  thick  plank  with  a  bolt  was  discovered,  showing 
that  this  part  of  the  bank  had  no  great  antiquity.  An  artesian  well 
has  also  been  made  to  supply  Block-house  Fort,  which  for  the  first 
60  feet  exhibits  nothing  but  clean  shingle,  and  then  a  layer  of  sandy 
clay  full  of  oommon  oyster-shells,  another  example  of  the  great 
changes  in  the  ancient  coast  and  sea-bottom.^  We  may  also  refer  to 
the  well-known  tradition  that  Shanklin  Down  could  not  formerly  be 
seen  from  St  Catherine's  Down.  There  can  be  no  doubt  that  the 
river  Lym  found  its  outlet  to  the  sea  at  Freshwater  Gate  when  the 
Mammoth  lived,  and  that  not  only  has  the  Solent  broken  through 
since  then,  but  an  elevation  causes  the  Yar  to  flow  the  reverse  way, 
though  still  occupying  the  old  channel.  There  is  a  submerged  forest 
at  Bournemouth  below  low-water  mark  under  the  pier,  and  I  have 
seen  at  times  stumps  of  trees  partly  exposed,  and  large  lumps  of 
tangled  root  and  heather  partly  pyritized,  thrown  up  by  the  sea  on 
these  occasions.  The  land  at  Poole,  it  is  well  known,  is  gaining  ground 
on  the  sea,  part  of  the  town  now  occupying  ground  where  seventy 
years  ago  was  deep  water.  In  a  street  a  furlong  from  the  sea  a 
stake  and  post  were  found  buried  6  feet  below  the  present  level  and 
evidently  forming  part  of  an  old  embankment  Beds  of  peat  prove 
that  elevation  and  depressions  have  taken  place  in  recent  times  on 
the  shores  of  Poole  Harbour,  at  the  very  edge  and  even  in  the  water 
itself.  Mr.  Clarke  mentions  in  his  paper,  in  the  Quarterly  Journal 
of  the  Geological  Society,  that  the  sand  dunes  advanced  half  a  mile 
between  the  years  1785  and  1829,  and  that  the  new  series  on  the 
south  side  were  formed  in  five  years.  .  Bourne  Valley  contains  beds 
of  peat  ten  to  twenty  feet  thick,  with  huge  trees  of  oak,  hazel,  beech, 
eta,  none  of  which  would  have  grown  in  an  undrained  swamp.  A 
Boman  via  now  terminates  at  half  a  mile  from  the  north  head  of 
Hole's  Bay,  in  what  is  now  a  marsh  and  extensive  peat  bog,  having 
probably  originally  terminated  in  a  landing-plsioe.  Such  examples 
on  both  sides  of  the  Channel  are  endless,  and  are  referred  to  in 
scores  of  works ;  but  I  will  pass  on  to  Devonshire  itself. 

The  ancient  alluvium  of  the  Da^  shows  that  it  formerly  flowed  at  a 
much  greater  elevation  above  the  sea.  Pengelly  records  the  remains 
of  boring  mollusca  200  feet  above  the  present  sea-level  at  Kent's 
Hole.  Could  anything  in  fact  be  more  eloquent  of  changes  in  level 
and  denudation,  since  the  period  of  man,  than  this  Kent's  Hole, 
perched  on  a  hill,  and  preserving  to  us  a  fragment  of  a  water-course 
where  no  wat^r  could  possibly  flow  now  ?  Mr.  J.  A.  Colenso 
communicated  to  the  Royal  Cornwall  Geological  Society  the  occur- 
rence under  deposits  of  gravel  and  mud,  of  both  marine  and  fresh- 
water deposition,  of  trunks  of  trees  in  «ttd,  34  feet  below  lowest 
spring-tide  low-water  mark,  and  12  feet  higher,  occurred  a  piece 
of  wood  worked  by  man. 

At  Pentuan  human  remains  were  found  40  feet  below  the  surface 
and  34  feet  below  high- water ;  at  Carnon  they  were  found  at  a  depth 
of  58  feet  and  64  feet  below  high- water ;  from  40  feet  a  wooden 

^  Report  of  Brit.  Assoc,  for  1848,  Trans.  Sections,  p.  72.  See  also  Quart.  Journ. 
Oeol.  Soc  1847,  p.  249,  1870,  p.  84. 
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Bbovel  and  deer-horn  pick  were  disinterred.  Sir  H.  de  la  Beobe 
thought  these  discoveries  showed  that  a  considerable  change  had 
taken  place  in  the  relative  levels  of  sea  and  land  since  man  inhabited 
Cornwall.  The  submerged  forests  show  a  sinking  to  the  extent  of 
70  feet.  Much  information  regarding  the  changes  of  level  in 
Cornwall  is  included  in  Mr.  Ussher's  Post-Tertiary  Geology  of  that 
County,  1879,  and  he  concludes  that  there  has  been  so  much  sub- 
sidence since  the  Glacial  period  that  only  what  was  the  watershed 
now  remains.  Mr.  Pigeon,  in  the  very  article  I  am  questioning, 
admits  that  there  have  been  enormous  encroachments  of  the  sea  in 
Torbay  since  maps  were  published ;  but  how  could  these  occur, 
without  subsidence  ?  Torbay  is  a  deep  indentation  of  the  coast,  of 
a  form  that  suggests  that  detritus  would  not  be  rapidly  removed  out 
to  sea  by  currents,  and  so  fast  a  destruction  of  the  coast  must  have 
led  to  the  formation  of  shoals  were  there  no  depression,  in  progress. 
Mr.  Blanford  indeed  pertinently  questioned  how  smeltiug  hearths 
could  have  been  situated  10  feet  below  high-water  mark.  I  think  I 
have  pointed  to  sufficient  material,  hastily  looked  up,  to  prove  that 
while  Mr.  Pigeon's  facts  are  valuable,  the  conclusion  he  has  drawn 
from  them  is  based  on  a  misconception  of  the  amount  of  change  our 
coasts  have  undergone  since  the  human  period.  The  difficulty  is 
not  to  find  a  coast-line  that  does  present  evidence  of  recent  changes 
of  level,  but  any  that  does  not.  When  we  find  so  guarded  an 
observer  as  Dr.  John  Evans  expressing  the  opinion  that  the  whole  of 
Southampton  Water  has  been  excavated  since  the  deposition  of  the 
Hill  Head  Gravel,  and  stating  that  in  the  gravel  at  Southampton 
Common,  water-worn  fiint  implements  are  met  with  at  an  elevation 
of  180  feet  above  high-water  mark,  and  at  130  feet  at  Bournemouth, 
and  that  since  Britain  was  inhabited  by  man  a  tract  of  country 
fifteen  miles  long  and  five  or  six  miles  broad  has  been  swept  into  the 
sea,  and  the  Isle  of  Wight  severed  from  the  mainland,  we  need 
hardly  make  a  difficulty  in  admitting  that  the  Torbay  Forest  has 
subsided  even  40  feet.  The  late  Mr.  Godwin-Austen  in  his  celebrated 
paper  proving  the  English  Channel  to  be  due  to  depression  and  not 
excavation,  made  some  such  remarks  as  these,  with  which  I  cannot  do 
better  than  conclude  this  protest:  "  That  the  whole  area  of  the  English 
Channel  had  at  one  time  a  higher  level,  is  directly  proved  by  the 
numerous  instances  along  its  shores  where  old  forest  ground  passes 
beneath  the  present  sea-bed ;  these  forests  include  elm,  oak,  chestnut, 
hazel,  and  especially  Finns  sylvestris,  none  of  which  have  their  usual 
habitat  along  the  sea-border.  Ko  wooded  tracts  came  down  to 
the  present  coasts  of  the  Channel,  nor  even  single  trees  of  any  bulk, 
yet  in  many  instances  the  trees  of  these  submerged  lands  had  attained 
considerable  magnitude." 

XL — ^Intebmittent  Streams  in  Berkshire. 
By  ProfesBor  T.  Rupbrt  Jones,  F.R.S.,  F.G.S.,  &c.,  &c. 

THE  Lambourn   river,  in  Berkshire,  which  rises  from  springs 
in   the   Chalk    hills   between   Up-Lambourn   and   Chipping- 
Lamboum,  and  receives  other  springs  lower  down,  has  been  dry  for 
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about  six  miles  between  Laraboum  and  Sbefiford  tbis  winter ;  and 
tbe  Winterbourn,  a  smaller  stream,  wbicb  rises  close  to  tbe  Ford,  at 
Cbapel  Copse  on  tbe  Leckbampstead  estate,  near  Cbieveley,  bas 
also  been  dry  from  its  source  to  near  Bagnor  (nearly  four  miles), 
wbere  it  joins  tbe  Lamboum. 

Tbe  Lamboum  was  .dry,  as  above,  in  1864  and  1871,  and 
formerly  it  bad  tbe  credit  of  always  baving  a  smaller  stream  in 
winter  than  in  summer,  and  tbus  being  less  lavisb  of  its  water 
when  all  the  other  rivers  were  flooding  the  Eennet  Mr.  Walter 
Money,  P.S.A.,  of  Newbury,  states  that  it  gets  dry  usually  about 
Michaelmas,  and  runs  again  about  February,  when  abundant  trout, 
good  in  colour  and  flavour,  go  up  tbe  stream,  which  keeps  full  in 
the  summer.  In  tbe  "  Transactions  Newbury  District  Field  Club," 
vol.  i.  1872,  p.  147,  Mr.  Hippisley  remarked  that  the  Lamboum 
was  dry  at  its  source  on  November  15th,  1870,  and  that  it  began  to 
run  again  on  Feb.  24th,  1871,  and  on  the  6tb  April,  it  flowed  over 
the  weir  of  the  fish-pond.  In  the  volume  referred  to,  a  photograph 
illustrates  tbis  prettily  wooded  "Source. of  tbe  Lamboum." 

The  Winterboum  is  usually  deficient ;  but  after  the  wet  years  of 
1879, 1880, 1881,  and  1882,  the  brook  rose  and  ran  freely  (according 
to  Mr.  W.  Fisher,  formerly  of  Winterboum).  After  the  very  w.et 
year  of  1879  it  was  running  strong  in  December,  though  tbe  rise  is 
usually  expected  in  January  or  February ;  and,  if  not  by  that  time, 
it  does  not  appear  at  all.  It  flows  (he  states)  about  four  times  in 
seven  years ;  and  usually  dwindles  away  by  tbe  end  of  July  or  in 
August 

Mr.  Horton,  of  East  Ilsley,  Berks,  states  that  tbe  little  river  Pang, 
ordinarily  baving  its  rise  in  the  Chalk  near  Hampstead-Norris,  in 
very  wet  winters  begins  at  Hodcot,  near  West  Ilsley  (four  miles  to 
the  N.W.),  and  forms  (as  it  did  in  1882-3)  a  chain  of  ponds  in  its 
course  through  East  Ilsley,  where  it  comes  once  in  five  or  six  years. 
These  head-waters  of  tbe  Pang,  when  running  through  the  fields 
between  Ilsley  and  Compton,  slacken  in  April,  and  are  lost  for  about 
100  yards  in  fissures  of  the  Chalk  underground.  Mr.  W.  Money 
adds  that,  in  bis  "History  and  Antiquities  of  tbe  Hundred  of 
Compton,"  Mr.  Hewett  mentioned  the  springs  near  Ilsley  as  baving 
been  particularly  high  in  1799,  1809,  1819,  and  1839.  Another 
statement,  referred  to,  is  that  they  burst  out  of  tbe  Chalk  about  once 
in  six  years,  and  "  never  till  the  Thames  bas  been  thrice  flooded." 
Dr.  Plot,  in  his  "  Natural  History  of  Oxfordshire,  etc.,"  long  ago 
noticed  that  when  tbe  springs  failed,  the  crops  were  unusually  good. 
Mr.  W.  Money  says  that  this  was  the  case  in  1884. 

The  subject  of  "intermittent  streams"  has  been  treated  of  by 
Dr.  John  Evans,  F.R.S.,  etc.,  when  describing  tbe  Boum  at  Berk- 
bampstead,  in  the  ''Transactions  of  the  Hertfordshire  Natural- 
Histoiy  Society,"  vol.  ii.  (1884),  pages  Ivii-lix  ;  and  Mr.  W. 
Whitaker  bas  described  the  Croydon  example  in  the  "  Memoirs  of 
the  (Geological  Survey,"  etc.,  vol.  iv.  (1872),  pages  391,  392 ;  and  it 
is  known,  from  general  observation  and  from  careful  experiments 
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on  the  relative  percolation  of  water  through  different  soils  and 
rooks,  including  chalk,  that  all  streams  are  dependent  upon  the 
rainfall.  The  water  sinks  more  or  less  perfectly  and  rapidly  into 
the  Chalk  hills,  until  it  is  stopped  by  an  impei-vious  layer  of  clay,  or 
other  dense  material,  such  as  the  Chalk-marl,  or,  if  this  be  fissured, 
the  Gault  below  it.  The  Chalk  is  some  few  hundreds  of  feet  thick, 
and  becomes  highly  saturated  (in  its  minute  cracks  and  larger  rifts 
and  fissures)  with  the  rain-water;  and  this  reaches  upwards  to 
a  plane  coinciding  roughly  with  some  of  the  hill  contours,  and 
also  sloping  down  to  the  levels  at  which  this  underground  water 
is  discharged  in  the  valleys  intersecting  the  country.  These,  when 
cut  down  as  low  as,  or  below,  the  line  or  plane  of  saturation, 
may  be  said  to  "tap"  the  subterranean  store  of  wat-er;  and  they 
have  continuous  strenms,  from  weak  places  in  the  Chalk,  as  long  as 
the  rain-water  saturates  the  Chalk  up  to  the  level  of  the  old  springs, 
which  rarely  fail.  After  a  larger  supply  of  water  than  usual 
(perhaps  months  after  a  rainy  season,  or  perhaps  soon  after  a  heavy 
rain,  according  to  the  amount  of  rain  and  the  rate  of  percolation), 
the  subterranean  store  of  water  will  rise  above  the  previous  average 
level ;  and,  reaching  some  crack  or  opening  in  the  surface  of  the 
Chalk,  it  will  leak  out,  or  run  freely  as  a  spring  and  stream,  until 
the  underground  water  of  the  hills  is  reduced  to  its  ordinary  level. 
Such  occasional  and  temporary  outpourings  are  known  as  Bourns, 
Winterboums,  Nailbourns,  Woe- waters,  etc. 

With  respect  to  the  empty  condition  of  the  Lamboum  and 
Winterbourn  in  Berkshire,  evidently  the  "  plane  of  saturation  "  in. 
the  neighbouring  hills  has  been  reduced  to  a  very  low  level,  below 
the  feeding  cracks  of  the  usual  springs.  If  the  country  has  been 
fortunate  in  getting  plenty  of  rain  of  late,  it  will  have  full  streams 
again  in  due  time.  Mr.  Horton  says  that  the  plane  of  aattiration  is 
now  reduced  below  the  average  level  of  the  water  in  the  wells  in 
the  neighbourhood  of  East  Ilsley,  and  that  the  scarcity  of  water  has 
been  unprecedented  for  many  years. 

Formerly  it  was  supposed  that  the  water  accumulated  in  one  or 
more  large  reservoirs  or  cavities,  connected  by  curved  fissures  with 
the  surface ;  and  that,  when  the  water  had  filled  both  the  cavities 
and  the  fissures  up  to  and  above  the  highest  level  of  an  upward 
curved  pipe-like  communication  with  the  outside,  the  water  would 
begin  its  outflow,  and  continue  until  the  lowest  practical  level  was 
arrived  at  by  this  syphon  action.  This  hypothetical  explanation  of 
the  phenomenon  of  a  winterbourn  is  now  superseded,  and  thought 
to  be  quite  unnecessary  in  view  of  the  facts  above  mentioned,  as  to 
the  plane  of  saturation,  and  its  intersection  by  valleys,  with  fissures 
tapping  it  at  ordinary  levels,  and  its  occasional  uprise  to  higher 
oracks,  which  give  vent  to  the  surplus  water  at  uncertain  periods, 
either  shortly  or  long  after  heavy  rains,  as  the  case  may  be. — 
"Newbury  Weekly  News"  January  and  February,  1885. 
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III. — Contributions  to  the  Paubontologt  of  thb  Yoreshibb 

Oolites. 

By  'Wilfrid    H.    Hudleston,    M.A.,    F.R.S.,   F.G.S. 

(Continued  from  Decade  III.  Vol.  II.  p.  129.) 

(PLATE  IV.) 

80. — Pleurotomaria  depress  a,  Phillips,  1829.     Plate  IV. 

Figs.  1,  2,  2a. 

1829,  1835.     CSrrus  deprntm,  Phillips,  G.  Y.  p.  112,  plate  vi.  fig.  12.    E.R. 
1849.     Pleurotomaria  (Upressa^  D'Orb.  Prod.  i.  p.  333.    £t.  Cal. 
1854. deprettay  Phil.  Morr.  Cat.  p.  271. 

1859.  PUurotomaria  striata.  Bean,  MS.     Leckenby,  Q.J.G.S.  p.  12, pi  iii.  fig.  2. 

1860.  PUurotomaria  Montreu^lmtit,  H.  and  D.    Foss.  Mont  Bellay,  p.  68,  pi.  ▼. 

fig.  3. 
1860.    Pleurotomaria  striata,  Leek.     Op.  cit.  pi.  y.  fig.  4. 

1875  [  Pi^^otomaria  deprena,  Phil.)  As  distinct  species,  Phillips,  G.  Y.   3rd  ed. 
'*'   t  PUurotomaria  striata,  Leek,  j  p.  250. 

Bibliography,  eta — Phillips's  type  was  evidently  a  cast  from  the 
Kelloway  Kock,  of  Hackness,  near  Scarborough.  I  have  not  been 
able  to  identify  the  original,  which  was  supplied  by  Bean.  The 
figure,  however,  plainly  shows  it  to  have  been  a  oast  of  a  good-sized 
discoidal  shell,  and  there  are  specimens  now  in  the  Bean  Collection 
at  the  British  Museum  not  unlike  it. 

On  the.other  hand,  Bean's  Cirrus  striatus,  described  and  figured  by 
Mr.  Leckenby  (Fig.  2  of  our  Plate),  having  been  preserved  in  the 
hard  grit  of  the  Kelloway  Rock,  exhibits  what  was  probably  a 
faithful  outline  of  the  original  shell.  At  first  sight  there  would 
seem  to  exist  no  connexion  whatever  between  the  two ;  but  when 
we  examine  such  a  specimen  as  the  one  I  have  described  but  not 
figured  (see  second  description),  the  relationship  between  the  cast 
and  the  shell  becomes  more  easy  to  understand.  It  is  to  be  regretted 
that  the  rule  of  priority  should  be  allowed  to  extend  to  species 
founded  on  casts,  especially  when  there  is  not  a  word  of  description. 
But  Mr.  Leckenby  himself  appears  to  have  acquiesced  in  the  adoption 
of  the  rule,  since  we  find  the  type  of  FL  striata  is  placed  in  a  tray 
with  two  other  specimens  in  the  more  usual  condition,  the  tray  being 
labelled  FL  depressa,  Phil. 

If  we  wish  to  see  what  a  well-developed  and  well-preserved  shell 
of  FL  depressa  is  like,  we  may  turn  to  Hebert  and  Deslongchamps 
figure  of  FL  striata,  Leek.,  and  I  think  there  can  be  little  doubt 
that  FL  Montrueilensis  of  the  same  authors  is  so  near  that  it  may 
well  be  placed  in  the  same  category. 

Descriptions, — Specimen  from  a  hard  grit  of  the  Kelloway  Rock 
(zone  6),  Castle  Hill,  Scarborough.  Leckenby  Collection.  Type 
of  FL  striata  rbfiourbd.     Fig.  2. 

The  following  is  Mr.  Leckenby's  description  :— "  Shell  depressed : 
whorls  four,  tabulated ;  keel  slightly  prominent,  transversely  ridged, 
and  crossed  by  numerous  very  fine  oblique  irregularly  undulating, 
raised  lines,  which  pass  uninterruptedly  over  the  keel."     Our  artist 
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1)88  succeeded  in  depicting  this  shell  with  great  skill  and  fidelity. 
It  must  not  be  supposed  that  the  spiral  ornamentation  is  absent,  but 
it  is  overpowered  by  the  radial  ornamentation.  The  keel  is  slightly 
imbricated,  and  doubtless  contained  the  slit-band,  though  we  must 
partly  rely  upon  inference  in  arriving  at  this  conclusion. 

Another  specimen. — From  the  soft  reddish  marly  grit  with  grey 
ova  of  the  Kelloway  Eock  (zone  5),  Scarborough  or  Hackness. 
Bean  Collection,  British  Museum.  This  one  represents  the  more 
ordinary  condition  of  the  fossil,  and  would  at  once  be  recognized 
as  Fl.  depressa,  Phil.     Not  figured. 

The  four  inner  (posterior)  whorls  greatly  resemble  those  of  the 
preceding  specimen  ;  the  ornamentation  is  coarser,  and  the  spiral 
system  more  obvious.  The  development  of  a  discoidal  body-whorl, 
which  nearly  doubles  the  width  of  the  shell,  constitutes  the  chief 
difference.  Since  this  body- whorl  is  in  a  "  half  cast "  condition,  it 
is  difficult  to  say  how  far  the  angular  shape  of  the  whorls  of  the 
spire  is  retained ;  but  judging  from  some  remains  of  the  outer  shell, 
it  would  seem  as  though  the  smooth  outline  of  the  body-whorl  (see 
figure  in  G.  Y.  pi.  vi.  12),  does  not  in  any  way  represent  the  ex- 
ternal form  originally  possessed  by  the  specimen.  Umbilicus  wide 
and  deep. 

Another  specimen. — From  the  Oxford  Clay  (zone  6),  Scarborough. 
York  Museum.     Fig.  1. 

This  has  been  compressed  till  it  is  not  much  thicker  than  a  crown 
piece ;  but  the  fineness  of  the  ornamentation,  and  the  general  aspect 
of  the  shell  serve  to  connect  it  with  Leokenby's  PL  striata.  An 
inspection  of  the  figure  will  do  more  in  this  case  than  any  further 
attempt  at  description. 

Relations  and  Distribution. — Although  this  species,  in  common 
with  the  one  last  described  (PL  granulata^  Lycett,  non  Sow.),  is  a 
member  of  the  (/rantJa/a-group,  it  differs  from  the  general  average 
of  Inferior  Oolite  fossils  referable  to  Sowerby's  species  in  a  direction 
almost  opposite  to  that  of  Lycett.  Instead  of  having  a  higher  spire 
than  the  true  PI.  granulata,  the  shell  is  extremely  depressed,  the 
whorls  being  very  angular  and  tabulate.  It  is  considerably  ex- 
cavated, and  thus  agrees  better  with  the  generality  of  Inferior  Oolite 
specimens  belonging  to  the  ^rantiZa^a-group.  On  the  other  hand, 
the  ornamentation  is  much  finer,  and  this  is  so  marked  in  Leckenby's 
PI.  striata^  that  subsequently  his  species  may  come  to  be  regarded  as 
a  variety  of  PL  depressa. 

Nothing  can  be  more  difficult  than  to  trace  a  particular  member  of 
the  ^rantt/a^a-group  through  a  cloud  of  synonyms.  The  Inferior 
Oolite  fossil  to  which  PL  depressa  bears  the  most  resemblance  is 
PL  palemon,  D*Orb.,  though  more  in  shape  than  in  ornamentation. 
Quoted  by  Brauns  under  the  name  of  PL  grannlatai  Sow.,  from  the 
equivalents  of  the  Cornbrash  and  Kelloway  Rock  of  N.W.  Germany. 
In  Yorkshire  PL  depressa  is  only  known  from  the  Kelloway  Book 
and  Lower  "  Oxford  Clay,"  in  the  latter  of  which  it  is  rare. 
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81.— Pleubotomabia   guttata,   Phillips,    1829.     Plate  IV.    Figs. 

3,  da,  and  4. 
1829, 1835.     Troehua  guttatusy  Phillips,  G.  Y.  p.  112,  pi.  vi.  fig.  14.     K.R. 
1849.     F/eurotomaria  ffuttatn,  D'Orbigny.     Prod.  1.  p.  333.     Et.  Cal. 
1854.     Troehus  ffuttatuSf  Phil.  Morris,  Cat.  p.  281. 
1859.     PleurotomaHa  areno8a,  Leckenby,  Q.J.G.S.  1869,  p.  12,  pi.  3,  fig.  1. 

1876.    Ij-  J|!^^*  £^-    }  as  distinct  species.    Phillips,  G.  Y.  3rd  ed.  p.  269. 
Compare  also — 

Flturotomaria  cineta  (Miinst),  D'Orb.,  T.  J.  p.  660,  pi.  420. 

„         galathsa,  D'Orbigny,  T.  J.  p.  566,  pi.  423,  figs  1-4. 
„  elathrata,  Miinst.  Goldf.  Pet.  3,  p.  71,  plate  186,  fig.  8. 

Bibliography,  etc, — I  have  not  seen  the  type  of  Trochus  guttatus, 
which  belonged  to  WillianiBon,  and  should  be  in  the  Scarborough 
Museum.  Phillips's  figure  is  fairly  characteristic,  and  shows  the 
crenulated  girdle  very  clearly.  Our  Figure  4  represents  a  fossil  in  a 
somewhat  similar  condition.  D'Orbigny  recognized  Phillips's  species 
as  a  Pleurotomaria,  though  Morris  did  not  seem  to  have  been  satisfied 
on  this  point,  probably  because  of  the  apparent  want  of  the  band  of 
the  sinus  (slit-band).  We  cannot  wonder  that,  when  Mr.  Leckenby 
obtained  such  a  beautiful  fragment  as  is  depicted  in  our  Figure  3,  he 
should  have  fancied  he  had  found  a  new  species  {PL  arenosa). 

The  difference  between  PL  guttata  and  PL  arenosa  seems  to  have 
been  accepted  by  Phillips  without  question  in  his  last  edition.  Yet 
it  is  evident  that  Mr.  Leckenby  finally  regarded  them  as  synonymous. 
The  following  note  in  the  Woodwardian  Museum  testifies  to  this — 
"  Under  the  title  P.  arenosa  I  have  unfortunately  described  in  my 
paper  on  the  Kelloway  Rock  in  the  Geol.  Joum.  Feb.  1859,  a  speci- 
men then  in  Bean's  Collection,  now  in  the  British  Museum,  which  on 
a  subsequent  examination  of  Phillips's  Trochus  guttatus  in  the  Scar- 
borough Museum,  I  find  to  be  only  a  more  perfect  condition  of  the 
latter  shell. 

"  Phillips's  figure  is  that  of  partial  cast,  the  only  portion  of  the 
shell  preserved  being  a  thickened  band  at  the  suture." 

Descriptions. — Specimen  from  the  Kelloway  Rock  (zone  5),  Scar- 
borough.    Leckenby  Collection.     Fig.  4. 

/  Heiffht 30  millimetres. 

Approximate    U         •-•i-'i too        " 

*^*^  J  Mean  spiral  angle 89°. 

\  Batio  of  body- whorl  to  entire  height  . .     60 :  100. 

Shell  conical,  trochoid,  much  wider  than  high,  moderately  (?) 
umbilicated.  The  angle  of  the  spire  is  slightly  concave,  so  that 
between  the  opening  of  the  spiral  angle  and  the  mean  spiral  angle 
there  is  a  difference  of  some  degrees.  Number  of  whorls  about  8, 
tapering  to  a  sharp  apex :  the  whorls  are  nearly  fiat,  and  their 
inclination  about  the  same  as  the  mean  angle  of  the  spire. 

The  ornaments  consist  of  tolerably  close  spiral  lines,  which  are 
decussated  by  axial  lines,  and  more  so  in  the  posterior  than  in  the 
anterior  region.  The  base  of  each  whorl  is  distinguished  by  a  hand- 
some, crenulated  girdle:  just  above  this  lies  the  band  of  the  sinus 
(slit-band),  which  is  narrow  and  projects  slightly  from  the  general 
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level  of  the  whorl.      Cast  of  the  body-whorl  showing  very  faint 
traces  of  a  carina.     Other  indications  wanting. 

Another  specimen. — From  the  Kelloway  Rook  (zone  6),  Scar- 
borough.    Bean  Collection,  British  Museum.     Type  of  PL  arenosa 

BEFIQURBD.      Fig.  3. 

Approximate  value  of  the  spiral  angle 92**. 

Though  broken  and  imbedded  in  matrix,  ])ortion8  of  the  shell  are 
exquisitely  preserved  in  spar  tinged  externally  with  brown  oxide  of 
iron.  Owing  to  the  prominence  of  the  basal  girdle,  the  shell  is 
zoned  rather  than  turrited.  Posterior  fths  of  each  whorl  flat  and 
sloping,  remainder  occupied  by  the  girdle. 

The  ornaments  consist  of  a  reticulate  system  which  occupies  the 
posterior  half  of  the  whorl :  in  the  penult  this  is  very  regular  and 
slightly  tuberculated  at  the  nodes :  in  the  centre  of  the  space 
between  this  reticulate  system  and  the  girdle  lies  the  band  of  the 
sinus,  which  is  narrow  and  salient,  but  less  salient  than  the  girdle, 
which  consists  of  four  crenulated  spirals  welded  together  (see  Fig. 
3a).  The  cast  of  the  last  whorl  visible  is  smooth,  yet  slightly 
angular  at  the  turn.     Other  indications  wanting. 

Relations  and  BistHhution, — The  reticulate  structure  of  the 
posterior  portion  of  each  whorl,  the  position  of  the  somewhat 
narrow  and  yet  prominent  slit-band,  and  the  crenulated  belt  at  the 
base  are  characters  of  a  group  of  Pleurotomariae,  which  has  many 
members.  There  are  shells  in  the  Inferior'  Oolite  of  Sherborne, 
which  even  show  a  connecting  link  between  PL  guttata  and  P. 
granulata,  Sow.,  and  it  may  well  happen  that  from  such  the 
Oxfordian  species  now  under  consideration  has  been  modified.  Tlie 
varieties  of  Plenrotomaria  are  so  infinite  wherever  the  genus  is  well 
represented,  that  authors  have  hardly  known  where  to  stop  in 
naming  specific  forms.  Hence  it  is  possible  that  no  absolute  identi- 
fication with  continental  fossils  can  be  established  in  this  case. 

PL  claihrata,  Mtinst.,  from  the  '•  Jurakalke"  of  Pappenheim,  has 
a  tolerably  close  resemblance  to  the  conditions  represented  by  PL 
arenosa,  but  Gold  fuss's  figure  is  an  enlargement  Mr.  Leckenby 
considered  that  the  species  described  by  him  was  closely  allied  to 
PL  galathea,  D'Orb.,  also  an  Oxfordian  species.  In  this  case  the 
spiral  angle  is  about  the  same,  yet  in  other  renpeots  there  are 
differences  of  some  importance.  On  the  whole  I  am  disposed  to 
regard  PL  cincta  (Miinst.),  D'Orb.,  as  being  the  nearest  to  PL  guttata, 
if  not  identical,  llie  slightly  concave  angle  of  the  spire  in  both 
is  very  similar.  D'Orbigny  says  that  PL  cincta  is  special  to  the 
Oxfordian,  occurring  both  in  France  and  Germany.  Whether  his 
species  is  really  the  same  as  Trochus  ductus,  Miinst.,  is  another 
question. 

Pleurotomaria  guttata  is  confined,  in  Yorkshire,  to  the  Kelloway 
Eock,  where  it  is  rather  rare. 

82.— tPleukotomaria  anglioa,  Sowerby,  1816.    PL  IV.  Fig.  5. 

1816.     Trochtts  simiius  (aic),  Sowerby,  Min.  Conch,  pi.  142 ;  T.  anglica  in  ladez  to 
vol.  iL 
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1848.  Fleurotomaria  uncUma,  Dedongcb.,  M6m.  Soc.  Linn.  Norm.  vol.  yiii.  p.  77, 

pL  12,  fig.  2.     Upper  Lias. 

1849.  Fleurotomaria  f?fi^//<?a,  D'Orbigny,  IVod.  i.  p.  214.     Et.  Sin6m. 

1854.    Fleurctmnaria  angtica^  Sow.,  Morr.  Cat.  p.  271.   Lias ;  Yorkshire,  Somerset. 
1876.    Fieurotomaria  undosa,  Sow.,  Tate  and  Blake,  p.  339,  pi.  9,  fig.  1.  Mid.  Lias. 

Bibliography^  etc, — Since  this  is  essentially  a  Liassio  rather  than 
an  Oolitic  species,  I  feel  scarcely  justified  in  criticizing  the  literature. 
The  Dogger  fossil  is  not  unlike  Sowerby's  type;  but  if  there  is 
a  diflference,  it  leans  perhaps  more  to  the  tmdosa  variety.  Sowerby 
says  that  Lister  found  /'/.  anglica  at  Bugthorpe,  in  Yorkshire,  and 
figured  it  in  his  Conchology. 

Description, — Specimen  from  the  Dogger  (zone  1),  Peak  (Blue 
Wyke).     York  Museum. 

{Height    60    millimetres. 
"Width 66  „ 

Spiral  angle   75''. 

Shell  of  large  habit,  trochiforra,  strongly  turrited:  height  and 
width  nearly  equal.  Whorls  about  8,  increasing  by  steps  within 
a  tolerably  regular  angle.  The  carina  is  situated  towards  the  upper 
part :  it  is  coarsely  tuberculated,  the  tubercles  being  depressed  and 
drawn  out  spirally :  the  entire  shell  seems  to  have  been  pervaded  by 
a  system  of  fine  spiral  lines. 

The  band  of  the  sinus  is  very  conspicuous  in  the  body- whorl,  and 
is  situated  rather  less  than  half-way  between  the  carina  and  the 
margin  of  the  base.  It  constitutes  a  slight  prominence,  and  seems 
to  show  the  "three  central  striaa"  mentioned  by  Sowerby  in  his 
diagnosis. 

Relations  and  Distribution, — Owing  to  the  imperfect  condition  of 
the  shell,  an  absolutely  correct  identification  of  the  Dogger  fossil 
with  this  or  that  member  of  the  anglica-group  is  almost  impossible. 
It  comes  very  near  PI,  araneosa,  Desl.  (of.  D'Orb.  T.J.  p.  416, 
pL  352,  figs.  5-9),  a  Middle  Lias  species,  but  in  that  one  the  band  of 
the  sihus  is  in  a  slight  depression,  whereas  in  our  shell  it  occupies 
a  slight  prominence.  The  large  Fleurotomaria  of  the  French  Bajocian 
are  all  different  from  this  one,  and  so  are  those^  of  Dorset- Somerset 
as  far  as  my  knowledge  extends. 

The  highly  ferruginous  matrix  and  other  indications  convince  me 
that  the  specimen  figured  belongs  to  the  Dogger  proper,  and  not  to 
the  Dogger  Sands.  But  a  specimen  was  found  lately  by  Mr.  Walter 
"Keeping,  which  I  understood  him  to  say  had  been  obtained  from  the 
sands  that  carry  the  Dogger.  There  are  three  specimens  in  the  York 
Museum.     I  know  of  none  others  from  this  horizon.^ 

*  1.  There  is  nothiog  absolutely  exceptional  in  the  reappearance  of  Liassic  forms  in 
the  Inferior  Oolite.  We  have  a  remarkable  instance  of  this  in  the  presence  of  large 
specimens  of  Ammonites  Jimbriatu*  in  the  Sumphretianus'hed  at  Obome,  near 
^herbome.  In  that  case  there  can  be  no  donbt  that  a  few  indiyiduals  of  Am, 
Jlmbriatus  lived  to  witness  the  reign  of  the  coronati. 

2.  There  are  two  species  of  Fleurotomaria^  in  addition  to  the  four  already 
detailed  bjr  me,  included  in  the  list  of  the  **  Geol<^  of  Yorkshire  "  (3rd  ed.  p.  269), 
of  whose  tirle  to  be  regarded  as  Yorkshire  fossils  I  can  find  no  evidence,    lliese  are : 
Fleurotomaria  biearinatOy  Sow.,  t.  221.     Calc.  Grit,  Gristhorpe. 
Fleurototnaria  dngulata^  Phil.    Calc.  Grit,  Scarborough. 
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Genus  Trochotoma,  Beslongcharaps,  1842. 

This  genus,  the  authorship  of  which  was  claimed  both  by  Lycett 
and  Deslongchamps  (see  Corallian  Gasteropoda,  Gbol.  Mag.  1881, 
p.  61,  Sep.  mem.),  seems  to  have  been  first  noted  in  England  on  the 
horizon  of  the  Inferior  Oolite,  whilst  in  Normandy  it  occurs  also  in 
the  Lias.  It  was  classed  by  S.  P.  Woodward  along  with  Pleurotomaria 
in  the  family  of  the  Ear  shells ;  but  if  we  are  to  accept  the  family 
Pleurotomarida,  the  genus  Trochotoma  would  seem  to  belong  to  that 
family,  though  perhaps  nearer  to  the  Haliotids  than  Pleurotomanaf  a 
genus  of  high  antiquity. 
88.— Trochotoma  oalix,  Phillips,  1829.     PI.  IV.  Figs.  6,  6a,  66. 

1829, 1836.     Solarium  calix.  Bean,  MS.     Phillips,  G.Y.  p.  129,  pi.  xi.  fi^.  30. 
1842.     Trochotoma  pradusy  Deslongchamps,     M^m.  Soc.  linn.  Norm.  vii.  p.  106, 

pi.  8,  figs.  4-7.     Upper  Lias. 
1852.    DUrsmaria  biearinata,  D'Orbigny.    Terr.  Jurass.  p.  380,  pL  340,  figs.  8-11. 

Middle  Lias. 
1854.     Trochotoma  calyx,  Phil.     Morris,  Cat.  p.  280. 
1873.     Trochotoma  gradus,  Deslong.    Tawney,  Dnndry  Gasteropoda,  p.  46. 
1876.     Trochotoma  ealyx^  Phillips.     G.Y.  3rd  edition,  p.  259,  pi.  xi.  tig.  30. 

Non  Flei*rolomaria  calix,  D'Orbigny.    Terr.  Jurass.  p.  476,  pi.  383,  figs.  6,  7. 

Compare  also, 

18*2.  Trochotoma  qffinisy  Desl.  vol.  ciU  pi.  8,  figs.  8-10. 

1857.   Trochotoma  earinata,  ljjiiQ\^>,    Cotteswold  HiUs,  pi.  4,  fig.  6. 

Bibliography,  etc. — The  type  of  Solarium  calix  should  be  at  York, 

Having  adopted  the  principle  of  only  admitting  species  which  1  know  to  have  been 
procured  in  Yorkshire,  these  are  not  enumeratea,  but  I  give  the  references  and 
bibliography  below. 

I.  1821.   Trochm  bicarinaiua,  Sowerby,  M.C.  t.  221,  fig.  2. 

1829  and  1836.   Trochus  bicarinatmy  Phillips,  G.Y.  at  p.  107,  as  from  the  L.C.G. 

at  p.  166  as  from  the  CO.  , 

1849.  Pleurotomaria  biearinata,  Sow.     D*Orb.  Prod.   1,  p.  366,  Et.  Oxf.    Not 

noted  in  the  Terr.  Jurass. 
1854.  Pleurotomaria  biearinata.  Sow.     Morris,  Cai  p.  271. 
The  type  may  be  seen  in  the  collection  of  Sowerby* s  types  at  the  BritiBh  Museum. 
Along  with  it  is  a  card  originally  labelled   **  TVocAm*   tiara,'*  but  corrected, to 
*•  hicarinatue,  M.C.  non  Lam.*'    The  word  "  Marcham  "  is  lightly  written  in  pencil 
upon  the  fossil  itself. 

The  specimen  is  faithfully  represented  in  Sowerby* s  figure,  who  says  of  its  origin, 
** preserved  in  marl  mixed  with  green  sand,  found  in  Marcham  Field,  near  Oxford." 
There  can  be  no  mistake  as  to  the  form  :  I  have  never  seen  anything  Uke  it  in  any 
of  the  collections  from  Yorkshire.  The  most  curious  fact  is  that  Alorris  quotes  it 
from  the  CO.  and  C.G.  of  Yorkshire,  but  not  from  Marcham.  Hence  he  probably 
had  doubts  about  its  having  been  found  there.  The  matrix  and  status  are  certainly 
not  suggestive  of  the  Calc.  Grit  or  Coral  Ra^  of  that  locality. 

Apart  from  any  question  of  its  occurring  m  Yorkshire,  the  uncertainty  respecting 
such  a  type  will  give  great  trouble  to  any  one  undertaking  to  review  the  British 
Jurassic  Pleurotomaria, 

II.  1829-1835.     Cirrus  cingulatua,  Bean.     Phillips,  G.Y.  p.  107,  pi.  iv.  fig.  28. 

Calc.  Grit. 
1849.     Turbo  eub-eitigulatm,  D'Orb.     Prod.  i.  p.  355,  Et  Oxf.     Not  noted  in 

the  Terr.  Jurass. 
1854.     Cirrus  ?  cingulatus,  Morr.  Cat  p.  243. 
Phillips  described  it  as  rare  in  Mr.  Bean's  cabiaet.    The  specimen  has  disappeared, 
and  it  is  difficult  to  say  what  it  represented.    Nothing  of  the  kind  is  to  be  found  in 
existing  collections.    Compare  Solarium  Sarthacerue,  D*Orb,  T.  J.  pi.  321. 
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bnt  I  have  not  seen  it.  Pbillipg'  figure  is  fairly  characteristic  and 
leaves  but  little  doubt  that  it  represents  one  or  other  of  the  two  varie- 
ties of  Trochotomat  which  are  not  absolutely  uncommon  in  the  Dogger. 
The  absolute  identification  would  be  interesting,  because  D'Orbigny 
regarded  Phillips's  species  as  a  Pleurotomaria,  contrary  to  the  opinion 
of  English  palaeontologists  since  the  days  of  Morris  and  Lycett.  It 
is  true  that  the  indications  of  the  loop  are  not  very  clear  in  the 
Dogger  specimens ;  still  there  are  indications. 

It  can  hardly  be  doubted  that  the  most  suitable  name  for  this 
section  of  Trochotoma  would  be  T,  gradus ;  in  that  case  there  might 
be  room  for  some  of  the  other  names  as  varieties,  local  or  otherwise. 

Deseriptions. — Specimen  from  the  Dogger  (zone  1),  Peak  (Blue 
Wyke).     York  Museum.     Figs.  6,  Ga,  66. 

Height • 16  millimetres. 

Width   24  „ 

Spiral  angle  about    90°. 

Shell  trochiform,  tabulate,  and  profoundly  excavated ;  height  to 
width  as  2:3.  The  whorls,  about  5  pr  6  in  number,  are  nearly 
rectangular,  the  posterior  area  being  flat  and  unchannelled,  with  a 
close  suture.  The  whorls  of  the  spire  show  only  one  keel,  which  is 
situated  at  the  angle,  and  carries  the  fissure  band  in  its  fiat  upper 
part.  The  body-whorl  presents  something  of  the  nature  of  a  lower 
keel,  which  forms  the  basal  margin,  the  space  between  the  two  being 
rather  excavated  ;  hence  the  body-whorl  is  bicarinate. 

A  veiy  regular  system  of  spiral  lines  pervades  the  entire  shell, 
including  the  base ;  with  slight  curved  axial  decussation  in  parts  of 
the  body-whorl,  due  perhaps  to  growth. 

Base  enormously  excavated :  aperture  depressed,  but  too  indis- 
tinctly preserved  to  show  its  true  characters :  neither  can  the  loop 
be  recognized  with  absolute  certainty.  N.B. — The  peculiar  rise  of 
the  carina  in  the  body-whorl  of  the  specimen,  which  converts  a 
portion  of  the  posterior  area  into  a  sort  of  channel  or  gutter,  may 
have  had  some  connexion  with  the  position  of  the  loop,  or  it  may  be 
accidental. 

Another  specimen, — Same  horizon  and  locality.  Leckenby  Collec- 
tion.    Kot  figured. 

Height 11  millimetres. 

Width    26  „ 

In  nearly  all  respects  similar  to  the  preceding,  but  less  depressed : 
the  whorls  of  the  spire  also  are  more  exposed,  so  as  to  show  some- 
thing of  the  lower  keel,  which  in  the  previous  specimen  is  only  seen 
in  the  body-whorl. 

Belations  and  Distrihution. — The  differences  between  Trochotoma 
gradvs,  Desl.  (T,  hiearinata,  D'Orb),  T.  affinis,  Desl.,  T.  carinata, 
Lye  and  T.  calix,  Phil.,  are  such  that  they  may  well  be  disposed  of 
under  the  head  of  varieties.  The  specimen  figured  approaches  pretty 
nearly  to  T.  gradus,  whilst  the  specimen  described,  but  not  figured, 
approaches  more  nearly  to  T.  affinis,  Desl.,  in  being  less  depressed. 
1  should  be  disposed  to  consider  that  the  general  run  of  specimens 
in  the  Dogger  are  not  quite  so  fiat  and  depressed  as  T,  gradus,  but 
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more  so  than  T,  affinis,  where  the  height  and  width  are  nearly  equal. 
According  to  D*Orhigny,  T.  gradm  is  a  fossil  of  the  Middle  Lias  of 
Normandy  (being  found  with  Am,  spinaius  and  margaritaius),  whilst 
Deslongchamps  speaks  of  it  as  from  the  Upper  Lias.  It  was  noted 
by  Mr.  Tawney  as  occurring  sparingly  in  the  I.O.  of  Dundry,  and 
that  author  regarded  T.  carinata,  Lya,  as  amongst  the  synonyms. 

Trochotoma  calix  is  a  fossil  of  the  Inferior  Oolite  throughout 
England,  being  found  in  the  Northampton  Sand,  in  the  LO.  of 
the  Gottes wolds,  and  also,  as  we  have  seen,  in  the  I.O.  at  Dundry. 
I  am  not  aware  of  its  having  been  noted  in  the  Lias  of  this  country  ; 
in  Yorkshire  it  is  confined  exclusively  to  the  Dogger. 

Brauns  does  not  quote  any  species  of  Trochotoma  from  the  Middle 
Jura  of  N.W.  Germany,  but  Laube  speaks  of  T.  offinis  as  not  un- 
common in  the  Brown  Jura  of  Balin. 

Genus  Patella,  Linnaeus,  1758.=Hblcion,  Montfort  and  D'Orbigny. 

This  genus,  so  abundantly  represented  both  in  species  and  in- 
dividuals in  the  Great  Oolite  of  Minchinhampton,  is  extremely  scarce 
in  the  Yorkshire  Oolites,  and  not  represented  at  all  in  the  Yorkshire 
Lias.' 

84. — Patella  gbaphioa,  Leckenby,  1869.     PL  IV.  Figs.  7,  7a. 

1859.  Fateila  ?  graphiea,  Leckenby  (Bean.  MS.),  Q.J.G.S.  1869,  p.  13, pi.  3,  fig.  3. 
1876  Ibid.  Phillips,  G.  Y.,  3rd  edition,  p.  260. 

Compare  also — 

Fateila  ienuiitriataf  Deslongchamps,  M6m.  Soc.  linn.  Norm.  vii.  p.  114,  pL  7, 
figs.  6,  6. 
„      Mostnsis,  Buyignier,  Stat.  G6ol.  Meuse,  p.  27,  pi.  21,  figs.  3  and  4. 
„     rtufosay  Sow.  Tar.  Corallian  Gasteropoda,  Geol.  Mao.  1881,  PL  4.  Fig.  6, 
p.  67  of  sep.  mem. 
Heleion  aemirugoaunif  Laube,  Gaster.  yon  Balin,  p.  3,  pi.  1,  fig.  3. 

Description, — Specimen  from  the  Kelloway  Rock  (zone  5),  Scar- 
borough Castle   Hill.     Bean   Collection,   British   Museum.      Ttpi 

BKFIGURED — 

length  16  millimetres. 

Width    13  „ 

Height   P6-6        „ 

The  following  is  Mr.  Leckenby's  description.  "  Shell  oval, 
obliquely  conical,  apex  very  excentric,  and  marked  by  many  radiat- 
ting  impressed  lines,  which  become  somewhat  obsolete  towards  the 
margin.'* 

The  shell  is  now  in  a  spathic  condition,  with  a  shining  black 
surface,  and  is  preserved  in  a  hard  greyish  grit. 

Relations  and  Distribution. — This  species  differs  from  P.  rugosa, 
Sowerby,  chiefly  in  the  fineness  of  the  radial  lines,  and  possibly  in 
having  a  more  excentric  apex.  The  references  already  given  wDl 
serve  to  indicate  its  apparent  affinities. 

^  I  have  seen  in  some  collection  a  larce,  imperfectly  preserved  Patella  from  the 
Dogger  of  the  interior,  which,  as  far  as  I  can  remember,  presented  some  resemblance 
to  P.  'J'eaaonii,  Desl.  Should  I  again  come  across  this  specimen,  it  may  be  added  to 
the  list. 
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Patella  graphica  is  founded  on  a  single  specimen.  Should  a 
oommoQ  specific  name  be  required  for  this  section  of  P.  rugosaf  it  is 
evident  that  P.  tenuiatriata,  Deslong.,  must  take  precedence. 

EXPLANATION    OF   PLATE    IV. 
Fig.  1,  FUurotomaria  depresaa,  Phil.      Oxford  Clay,   Scarborough.  York 

Museum.    Apical  view.    Flattened  specimen. 
„     2^  FUurotomaria  'depressa^  Phil.     Kelloway  Hock,  Scarborough.    Leck- 

enby  Collection.     Typb  of  Fl.  striata^  Leckenby,  kefiqubbd. 

Apical  view.     2a.  portion  enlarged. 
„     3.  Fleurotomaria  guttata^  PhiL     Kelloway  Rock,  Scarborough.     Bean 

Collection,  British  Museum.    Typb  of  Fl,  arefwsa,  Leckenby, 

BBPiouRED.    3a.  portion  enlarged. 
„    4.  Fleurotomaria  guttatay  Phil.     Kelloway  Rock,  Scarborough.     Leck- 

enby Collection.     Back  view. 
„    6.  Fleurotomaria  near  to  anglica.  Sow.    Dogger,  Blue  Wyke.    York 

Museum. 
„     6, 6a,  6^.  Ti'oehotoma  eaiix^  Phil.    Dogger,  Blue  Wyke.     Back,  apical,  and 

basal  views. 
„     7.  Fatella  graphicay  Leek.    Kelloway  Rook,  Scarborough.     Bean  Coll. 

British  Museum.    Apical  view.    7a.  portion  enlarged. 

{To  be  continued,) 


lY. — Canadian  ARCHiSAN  or  Prb-Cambbian  Books  and  the  Irish 

Mbtamorphio  Kogks. 

By  G.  Henry  Kinahan,  M.R.I.A.,  etc. 

[Read  before  the  Royal  Geological  Society  of  Ireland.] 

AS  introdaotory  to  the  subject  of  this  paper,  some  observations 
made  in  Ireland  on  foliation,  or  the  structure  induced  by 
metamorphism,  with  other  phenomena  connected  therewith,  will  be 
submitted. 

Students  of  Petrology  and  Lithology  seem  now  in  general  to  allow 
that  there  are  three  kinds  of  metamorphism,  namely  Regional  and 
Contact,  for  which  I  have  proposed  respectively  the  terms  Metapepsis 
and  Faropieiis,^  and  Chemical  change,  to  which  King  of  Galway 
gave  the  name  Methylosis,  while  more  recently  the  Americans  called 
it  FaramorphoBiB,  At  the  present  time  it  is  not  intended  to  refer  to 
the  latter,  as  these  preliminary  remarks  refer  specicdly  to  the  others. 

In  one  and  the  same  area  Paroptesis  or  Contact  metamorphism 
must  necessarily  occur  at  a  different  time  to  Metapepsis  or  Eegional 
metamorphism ;  and  the  first  may  take  place  either  before  or  after 
the  other ;  or  possibly  there  may  have  been  two  or  more  successive 
actions  which  affected  the  rock  or  rocks  of  one  area ;  as,  for  instance, 
first  in  places  there  may  have  been  Paroptesis,  while  subsequently 
these  altered  rocks  were  included  in  a  Metapepsis  area,  while  after- 
wards in  portions,  or  the  whole  of  the  area  Paroptesis  or  Metapepsis 
may  again  have  taken  place ;  because,  as  long  ago  pointed  out  by 
Lyell,  vulcanicity  often  occurs  over  and  over  £igain,  even  with  ages 
between,  in  one  place  or  one  area.  In  places  the  present  structure 
of  some  of  the  Canadian  Archteans  would  suggest  that  they  were  sub- 
jected to  a  succession  of  periods  of  alteration,  some  due  to  Paroptesis, 
others  to  Metapepsis ;  to  this  subject  we  will  hereafter  return. 
^  Geology  of  Ireland,  p.  175. 
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The  south-east  of  Ireland  is  very  instructive,  as  on  both  sides  of 
the  rib  of  granite  of  the  Leinster  range  there  are  bands  of  Paroptesis 
rocks ;  but  while  those  to  westward  of  the  rib,  with  some  peculiar 
exceptions  hereafter  mentioned,  retain  their  Paroptesis  form,  those 
in  the  band  to  the  eastward  of  the  rib  have  been  changed  into  gneiss 
and  schist  by  the  Metapepsis  that  subsequently  invaded  those  por- 
tions of  the  counties  of  Dublin,  Wicklow  and  Wexford.  Therefore 
we  have  as  a  general  nde  to  the  westward  of  the  granite  rib  a  band 
of  "baked  rocks"  (due  to  Paroptesis),  while  eastward  of  the  rib 
there  is  a  band  of  gneiss  and  schist  (due  to  Paroptesis  and  subse- 
quent Metapepsis),  outside  of  which  are  sub-metamorphio  rocks.  The 
metapeptic  action  that  invaded  the  latter  area  seems  to  have  been 
most  intense  in  lines  running  about  E.N.E.  and  W.S.W.,  so  that  if 
we  traverse  the  county  from  south  to  north,  we  cross  over  zones  of 
"  subraetamorphic  rocks "  and  of  rocks  belonging  to  the  "  Schist 
Series ; "  *  that  is,  if  we  ignore  other  metamorphic  actions  now  to  be 
mentioned. 

In  this  region,  besides  the  intrusion  of  the  normal  Leinster  granite 
(Haughton's  type),  which  is  supposed  to  have  taken  place  in  Post 
Cambro- Silurian  time,  there  were  also  newer  intrusions  that  may 
have  occurred  in  Devono- Silurian'  times;  and  as  the  latter  were 
accompanied  by  Paroptesis,  the  rocks  in  connection  with  them  are 
additionally  altered  ;  the  "  baked  rocks  "  to  the  westward  of  the  rib 
being  changed  into  schists,  while  to  the  eastward  of  the  rib  they 
have  had  the  metamorphism  intensified.  There  is  also  to  be  con- 
sidered what  may  have  been  the  effect  of  the  granitic  ix)ots  (the 
laccoliths  of  Gilbert)  of  the  eruptive  rocks  contemporaneous  with 
the  Gambro-Silurians,  as  these  also  seem  to  have  had  Paroptesis  in 
connection  with  them,  and  this  necessarily  was  prior  to  the  Metapepsis 
of  the  district.  Although  the  eflfect  of  this  Paroptesis  is  not  now 
very  conspicuous,  yet  it  should  be  mentioned,  as  it  shows  how  many 
different  times  the  same  rocks  may  be  subjected  to  metamorphic 
action  of  some  kind  or  another. 

There  is  also  in  this  area  a  peculiarity  in  the  metamorphism. 
Years  ago  Jukes  pointed  out  that  the  younger  or  Cambro-Silurian 
rocks  were  more  altered  than  the  older  Cambrians ;  and  suggested 
that  it  might  be  more  apparent  than  real,  as  none  of  the  Cambrians 
in  contact  with  the  granite  were  exposed.  But  down  in  the  south- 
east of  the  Co.  Wexford,  away  from  the  granite  rib,  the  same  thing 
occurs;  as  nearly  invariably  along  the  boundary  between  the 
Cambrisms  and  the  Cambro-Silurians  the  last  are  more  altered  than 
the  first.^     To  the  north-west  and  westward   of  Bathdrum,  Co. 

^  Ibid,  Chapter  x.  page  175. 

'  In  the  old  world  the  terms  Lower  Silurian,  Upper  Silurian,  Deyonianand  Lower 
Old  Red  Sandstone  are  osed  so  indLscriminately  that  it  is  hard  to  know  exactly  what 
rocks  are  meant.  In  this  paper  Selwyn  will  be  followed  and  to  indicate  Lower 
Silurians  Phillips's  term  Cambro-Silurian  will  be  used,  while  all  the  others  will  be 
included  under  the  term  Devono- Silurian. 

^  In  connection  with  this  metamorphism  of  adjoining  rocks,  it  may  be  mentioned 
that  in  the  Belvoir  section  (Cambro- Silurian),  Co.  Clare,  there  are  some  beds  in  the 
fossiliferous  strata  altered  apparently  for  no  particular  reason. 
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Wicklow,   there  are   rooks   that   Wyley  considered   to   iia'"'n)etft- 
morphosed  Cambrian,  but  Jukes  put  them  in  the  Cambro-SinRinns.; 
As  has  been  mentioned  in  my  description  of  the  Irish  rooks,  I  belie>ft..^.^^_^__^^ 
Wyley  was  nght,  and  that  Jukes  was  mistaken  by  supposing  that  no- 
where in  the  county  were  Cambrian  rooks  so  much  altered.     This . 
confusion  due  to  different  kinds  and  times  of  metamorphism,  will  be 
referred  to  hereafter  when  speaking  of  the  Canadian  rocks. 

The  Cambrians  of  the  Carnsore  district  (S.E.  Wexford)  illustrate 
some  peculiar  phases  in  metamorphism.  If  you  follow  the  rocks 
northward  from  Carnsore  by  Came  to  Greenore,  there  are ;  first, 
oligoclasic  porphyritic  granite,  then  oligoclasic  porphyritic  granitoid 
^eiss  or  gneissio  granite,  that  graduates  through  gneiss  into  schists. 
Go,  however,  a  short  distance  westward,  and  on  the  Saltees  Island 
are  found  orthoclasic  gneissio  granites,  usually  fine-grained,  in 
which  are  a  few  subordinate  hornblendites  (hornblende-schist),  while 
on  the  mainland  at  Forlone  Point  (Eilmore  Pier)  there  are  at  the 
south  hornblendites,  that  by  an  alternation  of  beds  graduates  into  a 
considerable  thickness  of  orthoclewic  fine  granitoid  gneiss ;  the  last, 
to  the  north,  has  a  hard  boundary,  outside  of  which  are  horn- 
blendites and  other  schists.  This  sudden  change  in  lithological 
characters  is  important. 

In  the  Mourn  Mountain  district,  Co.  Down,  there  are  two  distinct 
intrusions  of  granite,  the  first,  "Slieve  Croob  granite,"  probably  at  the 
close  of  the  Cambro-Silurian  period,  and  the  second  at  the  close  of 
the  Carboniferous  period.  The  Cambro-Silurian  rooks  of  the  country 
are  altered  (sub-metamorphic)  by  Metapepsis,  probably  an  adjunct 
of  the  genesis  of  the  older  granite ;  but  subsequently  a  new  meta- 
morphio  action  invaded  the  rocks  in  the  vicinity  of  the  boundary 
between  the  granite  and  sub-metamorphic  rocks,  changing  the  latter 
into  gneiss  and  developing  a  foliation  in  the  granite,  the  rocks  now 
ooourring  in  the  following  order : — 

I:  gSc  granite    j  "^^  "^"«^"*^  «™"^**  ^*^'"^°- 
8.  Hard  boundary. 

6    Schists  I    *^®  original  submetamorphic  rocks. 

The  newer  granite  (Post-Carboniferous?)  has  not  to  any  great 
extent  altered  the  adjoining  strata ;  but  at  the  same  time  more  or 
less  signs  of  Paroptesis  are  apparent. 

In  the  Counties  Galway  and  Mayo  difibrent  phases  of  metamor- 
phism can  also  be  studied.  At  first  the  metamorphism  may  appear  to 
follow  general  rules,  but  when  details  are  entered  into,  here  as 
elsewhere,  peculiarities  hard  to  be  explained  are  found. 

If  a  traverse  is  made  northward  from  Furbogh,  west  of  Galway 
town,  to  Onghterard  across  the  strike  of  the  rocks,  you  start  from  a 
tract  of  porphyritic  oligoclasic  granite  that  merges  into  porphyritic 
oligoclasic  gneissio  granite,  while  the  latter  graduates  through  gneiss 
into  schists ;  still  farther  north  in  the  Co.  Mayo  these  schists  merge 
into  nnaltered  Cambro-Silurian  rocks.    Although  across  the  strike 
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the  gneissio  granite  generally  graduates  into  gneiss,  yet  in  some 
places,  there  is  a  hard  boundary  between  them. 

If  the  rocks,  however,  are  followed  westward  along  the  strike  of 
the  rooks,  the  change  is  not  so  gradual,  as  there  are  rather  sudden 
jumps  from  granitic  to  schistose  rocks;  while  in  the  latter  are 
found  outliers,  either  having  a  nucleus  of  porphyritio  oligoclasio 
granite,  or  being  entirely  gneissic  granite,  lliese  usually  are 
suddenly  replaced  by  schists,  as  if  they  were  small  tracts  which  had 
been  subjected  to  an  exti*a  action,  prior  to  the  time  of  the  regional 
metamorphism. 

But  if  we  go  southward  from  the  mass  of  the  porphyritio  oligo- 
clasio granite,  there  is  a  complete  change  in  the  character  of  the 
metamorphism  ;  as  here  in  places  margining  it  are  gneissic  granites 
often  orthoclasio  and  fine-grained,  but  having  associated,  and  altemat-  ^ 
ing  with  them,  coarse-grained  and  oligoclasio  beds.  While  to  the 
S.E.,  at  Galway  town,  there  is  a  complete  change  of  rocks, 
principally  homblendites,  that  come  in  against  the  granite,  and  in  a 
few  small  patches  on  it.  This  small  area  of  schist  apparently  in 
such  close  proximity  to  the  mass  of  the  oligoclasio  porphyritio 
granite  seems  peculiar.  This,  however,  might  perhaps  be  explained 
by  phenomena  that  can  be  studied  to  the  westward  near  Roundstone 
and  Slyne  Head  ;  but  as  it  would  take  some  time,  and  the  rocks  are 
not  of  interest  in  the  present  inquiry,  it  appears  sufficient  to  have 
recorded  their  presence. 

In  the  Co.  Galway  the  oligoclasio  porphyritio  gneissic  granite, 
especially  across  the  strike  of  the  rocks,  is  a  portion  of  the  general 
graduation  from  the  oligoclasio  porphyntio  granite  into  the  schists 
and  unaltered  rocks :  but  in  the  Castlebar  district,  Co.  Mayo,  there 
are  courses  and  masses  of  it  that  evidently  were  intruded  into  their 
present  positions.  These  Mayo  rocks  are  very  interesting,  because 
among  the  Laurentians  of  Canada  we  find  somewhat  similar  gneissic 
granite  as  intruded  masses  (called  Labradorians  and  Norians  by  the 
Canadian  geologists  and  marked  La  on  Selwyn's  map). 

From  the  published  writing  in  connection  with  the  oligoclasio 
granite  and  associated  rocks  of  the  Co.  Donegal,  it  is  evident  that 
the  sequences  are  somewhat  similar  to  those  in  the  Counties  Galway 
and  Wexford ;  there  being  granite  that  in  places  graduates  through 
gneiss  into  schist;  while  in  other  places,  as  at  the  south  of  the 
Galway,  porphyritio  granite,  di£ferent  groups  of  gneissic  rocks,  comes 
in.  At  the  same  time,  however,  as  a  general  rule,  the  margin  of 
the  granitoid  rocks  is  here  more  marked  than  in  either  Galway  or 
Wexford. 

It  is  nnnecessary  to  further  individualize  the  Irish  localities ;  but 
to  certain  traits  of  metamorphism  I  would  draw  attention.  Years 
ago  I  pointed  out  ^  that  in  the  West  Galway  and  Mayo  districts,  rocks 
in  the  "  Second  Stage "  '  of  metamorphism  followed  the  planes  of 
the  most  conspicuous  structures  in  the  original  rocks ;  let  this  struc- 
ture be  lamination,  cleavage,  fine  jointing,  oblique  lamination, 
spheroidal  structure,  concretionary  structure,  or  any  of  the  wavy 
Gbol.  Mag.  1871,  ToL  YIII.  pp.  263-268.      >  Ckology  of  Ireland,  chapter  z. 
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structures  peculiar  to  some  calcareous  or  allied  rocks ;  while  in  the 
typical  gneissio  granite  or  granitoid  gneiss,  all  the  original  structural 
lines  are  obliterated ;  they  or  any  subsequent  foliation  being  replaced 
by  a  nearly  perpendicular  one ;  but  the  strata  of  this  new  foliation 
seems  to  follow  the  strike  of  the  original  stratification. 

In  some  places  there  is  a  hard  boundary  between  the  gneissic 
granite  and  the  gneiss;  or  the  latter  may  be  absent,  the  granite 
being  margined  by  schist.  This  seems  to  suggest  that  it  is  possible 
the  coarse  foliation  of  the  gneissic  granite  may  be  due  to  a  second 
Metapepsis  of  a  more  limited  extent ;  that  while  it  affected  them  and 
developed  the  leaves  of  foliation,  it  did  not  invade  the  adjoining 
strata.     We  will  now  proceed  to  the  metamorphic  rocks  of  Caneida.^ 

A  feature  that  strikes  a  stranger  is  the  massive  coarseness  of  the 
foliation  in  some  of  the  Laurentian  gneiss.  This  appears  to  me,  as 
mentioned  in  connection  with  the  Irish  rocks,  to  be  due  not  to  exces- 
sive metamorphism  at  one  and  the  same  time;  but  to  stages,  the 
rocks  having'  been  invaded  two,  three,  or  even  many  more  times  by 
successive  but  independent  periods  of  metamorphism ;  thus  develop- 
ing but  not  obliterating  the  leaves  due  to  the  earlier  metaraorphisms.^ 

This  coarse  foliation  is  very  conspicuous  in  the  previously  men- 
tioned gneissio  granite  called  Labradorians  by  the  Canadian  geolo- 
gists. Of  it  we  have  no  exact  representatives  among  the  Irish  rocks ; 
the  nearest  approach  in  structure  being  the  gneissio  granites  of 
Camsore,  co.  Wexford ;  of  the  barony  of  Moycullen,  co.  Galway ;  of 
the  Erris  district,  co.  Mayo ;  and  of  the  Castlebar  district,  also  in 
Mayo.  The  latter  being  an  intrusion,  is  in  this  respect  more  like 
the  Canadian  rocks  than  the  others,  which  were  originally  stratified 
rocks.' 

^  It  appears  remarkable  that  metamorphism  seems  to  be  so  restricted  to  the  older 
rocks  in  Canada.  Is  it  possible,  that  in  the  areas  called  Archaean,  from  their 
lithological  character,  there  may  be  newer  rocks  included?  If  not,  why  should 
metamorphism  be  so  confined  to  them,  when  in  a  little  spot  like  Ireland  we  have 
metamorphosed  Cambrians,  Cambro-Silurians,  Devono- Silurians,  Carboniferous  (P) 
and  Lias. 

'  Excessive  metamorphic  action  in  a  portion  of  an  area  will  change  rocks  into 
granite ;  but  if  a  milder  metamorphism  ruvades  rocks  at  different  successiye  times,  it 
ought  to  more  and  more  develope  the  plates  or  leaves  without  obliterating  them.  This 
can  be  seen  on  a  small  scale  in  different  places  in  Ireland,  the  best  perhaps  being  along 
the  before-mentioned  boundary  of  the  older,  or  **  Slieve  Croob'*  granite  of  the  Moume 
Mountain  district.  In  general  in  Irish  localities  the  additional  metamorphism  seems 
due  to  Metapepsis,  succe^ng  Paroptesis,  or  vice  versd  ;  but  in  some  places  one  period 
of  Metapepsis  seems  to  have  been  followed  by  another.  As  the  Canadian  rocks  are  so 
ancient,  we  may  suppose  that  at  least  three  or  four  times  they  have  been  covered  by 
a  sufficient  depth  of  strata  to  deyelope  metamorphic  action,  but  not  sufficient  to 
convert  them  into  typical  nanite.  It  app^us  to  me  an  interesting  problem,  why  in 
such  vast  areas  we  should  have  zneasa  without  its  being,  in  part,  converted  mto 
granite  of  metamorphic  origin  ?  Unless  we  suppose  that  some  of  the  rocks  that  are 
now  eneiss  were  at  one  time  granite,  but  by  subsequent  metamorphie  action  foliation 
was  developed  in  it,  and  thus  by  degrees  it  was  changed  into  gneiss.  Such  a  change 
can  take  place;  because  If  the  **  Slieve  Croob  granite"  was  covered  up  with  a 
sufficient  aepth  of  strata,  it  would  be  entirely  converted  into  gneiss. 

*  Mixed  up,  either  as  strata  or  small  intrusions,  with  these  rocks  of  Wexford, 
Galway,  and  Mayo,  are  eruptive  rocks ;  they,  however,  were  portions  of  the  geo- 
logical ^ups  (Cambrians  and  Cambro-Silurians)  and  not  subsequent  intrusions, 
as  was  the  case  in  respect  to  the  Castlebar  district  porphyritio  gneiss. 
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Some  of  the  varieties  of  granite  are  also  remarkable  for  the 
massive  character  of  their  crystallization,  more  especially  the  peg- 
matites. This,  among  others^  is  very  conspicuous  in  the  white  mica 
pegmatite  of  the  Vale  of  the  Du  Leivre,  the  felspar  being  in  con- 
siderable masses,  while  the  plates  of  the  white  mica  are  in  places 
over  nine  inches  across. 

These  pegmatites  belong  to  Sterry  Hunt's  "  Endogenous  rocks  " ; 
he  suggesting  that  the  minerals  crystallized  out  of  solution.  Such 
a  supposition  can  be  easily  understood  when  pegmatite  is  found 
in  small  masses  or  in  lenticular  veins ;  but  it  is  not  so  easily  con- 
ceived when  we  have  to  treat  with  large  masses.'  Still,  however, 
it  is  possible,  if  not  probable,  that  Sterry  Hunt  may  be  right ;  as  in 
great  thicknesses  of  rocks  there  is  no  reason  why  there  should  not 
be  vast  vugs  filled  with  mineral  solutions ;  and  when  the  minerals 
crystallized  out,  they  would  fill  such  cavities,  thus  forming  masses 
of  pegmatite  or  other  rocks  that  had  a  similar  genesis.  In  the 
Aughowle  district,  co.  Wicklow,  there  is  a  pegmatite^  locally  called 
"  Bastard  Granite,"  a  variety  of  which  is  the  "  Plumose  Granite " 
of  Jukes.  This  rock  occupies  a  considerable  area,  and  is  somewhat 
like  the  Canadian  pegmatite,  although  not  as  coarsely  crystalline. 
From  it  I  would  suggest,  that  it  is  probable  the  coarse  crystallization 
of  pegmatite  may  be  original  structure  and  not  due  to  subsequent 
metamorphism ;  the  mass  of  this  Wicklow  pegmatite  is  newer  than 
the  normal  Leinster  Granite  (Haughton's  type),  and  consequently 
ought  to  be  younger  than  the  time  of  the  Kegional  Metamorphism ; 
as  there  is  no  newer  metamorphism  recorded  in  its  vicinity  that 
might  have  affected  it.  At  the  same  time,  the  Canadian  rocks  are  so 
much  older,  it  is  quite  possible  that  their  crystallization  may  have 
been  augmented  by  metamorphism. 

In  the  Province  of  Ontario  and  the  neighbouring  portion  of  the 
Province  of  Quebec,  the  Archaean  rocks  are  divided  up  into  Huro- 
nians  and  Laurentians.  Selwyn  has  pointed  out,  that  these  divisions, 
although  lithological,  have  not  been  proved  to  be  petrological ;  while 
as  far  as  I  can  learn,  Logan  has  not  stated  that  he  had  found  any 
proofs  of  their  being  petrological  groups.  On  the  other  hand,  how- 
ever, Dawson  (Sir  J.  W.),  Sterry  Hunt,  and  others  seem  to  insist 
that  they  are  not  only  lithological,  but  also  petrological  groups. 

A  rock  that  appears  to  be  considered  a  typical  Ontario  Laurentian 
is  a  pinkish  or  flesh-coloured  fine-grained  gneiss.  Hand-specimens 
of  this  gneiss  are  undistinguishable  .from  some  of  the  rocks  of  the 
Cambrians  of  the  Sal  tees  and  Forlorn,  S.E.  Wexford,  of  the  Cambro- 
Silurians,  counties  Wexford  and  Wicklow,  of  the  Cambro-Silurians, 
00.  Galway,  of  the  Cambrian  (?)  of  Erris,  co.  Mayo,  and  of  the 
Cambro-Silurians  and  Cambrians  (?)  of  the  oo.  Donegal.  Some  of 
these  raetamorphic  rocks,  as  for  instance  those  at  Forlorn,  were 
evidently  originally  felspathic  and  probably  tuffose  stratified  rocks ; 
this  probably  was  also  the  case  in  many  places  where  similar  gneiss 
occurs  in  the  counties  Galway,  Mayo,  and  Donegal ;  but  there  are 
also  in  those  places,  and  in  the  co.  Wicklow,  similar  gneisses  that 
evidently  were  originally  intrusions  of  felstone  or  felsite.  In  the 
high  ground  called  Chelsea  Mountains,  Ottawa  county,  there  is  a 
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granitoid  gneiss  very  like  some  of  those  of  Qalway,  Mayo,  and 
Donegal ;  this  is  a  rock  intermediate  in  structare  between  those  just 
mentioned  in  Ontario  and  the  coarse  gneissic  granite  of  Ghicoutimi,^ 
Mont  Calm,  eta,  of  the  province  of  Quebec ;  these  rocks  apparently 
all  being  more  or  less  similar  in  their  constituents,  but  having  been 
subjected  to  different  degrees  or  periods  of  metamorphism. 

Here  in  connection  with  the  Chelsea  district  may  be  mentioned 
the  schistose  rocks  between  the  highland  and  Chelsea  settlement ;  as 
with  them  there  are  calcareous  and  allied  rocks  exactly  similar  to 
rocks  in  the  "  Ophiolite  and  Dolomite  series  "  of  the  Twelve  Pins  or 
Bennabeola  district,  co.  Galway.^  These  Irish  rocks  have  been  sug- 
gested by  William  King,  Galway,  to  be  of  Cambrian  age,  while  my 
examination  of  the  distinct  seems  to  go  to  confirm  this  opinion.' 

Before  proceeding  further,  it  appears  necessary  to  mention  some 
peculiar  Irish  calcareous  rocks.  These  are  found  at  the  base  of  the 
Lower  Carboniferous  Sandstone,  Co.  Clare,  at  or  near  the  base  of 
the  Devono-Silurian  rocks  of  Mayo  and  Galway,  and  at  dififerent 
horizons  in  the  Cambro-Silurians  and  Cambrians  of  Donegal, 
Sligo,  Mayo,  Galway,  Waterford,  Wexford,  and  Wioklow.  These 
calcareous  rocks  are  more  or  less  intimately  connected  with  basic 
eruptive  rocks  and  to  me  appear  to  be  adjuncts  of  vulcanicity.^ 
In  the  township  of  Buckingham  and  elsewhere  in  Ottawa  county 
there  are  apatites  (phosphate  of  lime),  that  make  very  like  the 
above-mentioned  Irish  Cambro-Silnrian  and  Cambrian  (?)  limestones 
as  they  are  associated  and  more  or  less  intimately  connected  or 
entangled  with  the  basic  eruptive  rocks.  In  connection  with  these, 
it  may  perhaps  be  allowable  to  suggest,  that  originally  they  possibly 
were  carbonates ;  but  that  in  some  way,  not  yet  explained,  but  at 
the  same  time  being  an  adjunct  of  metamorphism,  they  were 
changed  into  the  phosphate. 

The  rocks  which  par  excellence  are  classed  as  Lauren tians  belong 
to  the  lithological  groups  for  which  I  have  proposed  the  names 
**  Gneissic  Granite  or  Granitoid  Gneiss  "  and  **  Gneiss  series  "  ;  while 
the  Huronian  rocks  par  excellence  belong  to  the  group  called 
'•Schist  series"  and  **8ub-Metamorphic  rocks."*  In  these  general 
classifications,  however,  there  are  exceptions  ;  because,  as  in  Ottawa 
county,  there  are  included  in  the  tracts  at  the  present  time  mapped 

^  8ome  of  these  rocks  I  learn  from  Dr.  George  Dawson,  during  last  smnmer's 
explorations,  hare  been  proved  to  belong  to  the  Laurentians  and  not  a  separate 
group. 

*  Deology  of  Ireland,  chapter  L  p.  xxi. 

*  These  rocks  were  suggested  by  the  late  6ir  R.  I.  Murchison  to  be  Laurentians  ; 
he  however  subsequently  changed  his  opinion.  In  the  late  proposed  classification  ojf 
the  West  Galway  rocks,  these  have  not  been  included  in  the  so-called  Archaean 
rocks ;  that  distinction  being  given  to  the  more  metamorphosed,  but  youoger  rocks 
in  the  country  to  the  southwwd ;— rocks  that  have  been  proved  by  their  fossils  to 
be  of  Cambro- Silurian  age. 

*  GeoL  of  Ireland,  chap.  xii.  p.  194. 

^  Geol.  Ireland,  chap.  x.  p.  177.  As  a  mle  the  Huronians  seem  to  belong  to  the 
**  Schist  series,*'  but  some  of  the  Huronian  limestones  and  associated  rocks  between 
Port  Arthur  and  the  Bat  Portage  belong  to  the  rock  called  by  Indian  geologists 
'*  Snb-Meiamorphic  rocks."    Some  of  these  limeiton<w  are  very  little  altered. 
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as  Laurentians  ^  greater  or  less  exposuros  of  schistose  rocks ;  wbile 
among  the  Huronians,  gneiss  occurs.  This  is  similar  to  what  occurs 
in  the  old  country  ;  as  always  in  a  tract  belonging  to  the  "  Gneiss 
series,"  and  even  often  in  the  "  Qneissic  Granite,"  subordinate 
schistose  rocks  appear,  while  in  the  ''Schist  series,"  and  even  in 
some  places  in  the  "  Sub-Metamorphic  rocks,"  subordinate  gneiss 
occurs.  From  ocular  demonstration  it  is  evident,  as  has  been 
already  mentioned,  that  the  Laurentians  and  Huronians  are  litho- 
logical  groups ;  but  are  they  also  petrological,  that  is,  geological 
groups  ?    This  we  have  now  to  consider. 

In  the  Province  of  Ontario  there  are  numerous  junctions  of  the 
Laurentians  and  Huronians.  Those  that  seem  most  known  and  have 
been  more  generally  studied  occur  more  or  less  in  the  neighbourhood 
of  the  Canadian  Pacific  Railway,  between  Port  Arthur  and  Winnipeg ; 
and  of  these  the  one  to  which  the  greatest  attention  has  been  directed 
is  the  section  at  the  rapid  of  the  outfall  of  the  Lake  of  the  Woods 
near  Eat  Portage.  This  junction  is  stated  by  Sir  J.  W.  Dawson  and 
others  to  be  a  ''Fault  boundary."  Such  a  statement  cannot  be 
lightly  passed  over,  especially  by  an  Irish  geologist,  when  he  thinks 
of  the  intricate  boundaries  in  S.E.  Ireland  (cos.  Dublin,  Wicklow, 
and  Wexford)  between  the  Cambrians  and  the  Cambro-Silnrians,  that 
were  first  unravelled  by  Jukes ;  especially  those  in  the  neighbour- 
hood of  Carrick  Mountains  and  Qlenealy,  co.  Wicklow,  and  at 
Poulshone  and  Bannow,  co.  Wexford.  As,  from  the  light  supplied 
by  Jukes,  I  was  able  to  satisfy  myself  that  such  intricate  uncon- 
formities may  occur,  I  should  be  rash  to  state  that  somewhat  similar 
unconformabilities  did  not  occur  in  Ontario ;  yet  at  the  same  time  I 
may  be  allowed  to  make  suggestions, — or  to  say  that  I  could  not  find 
any  satisfactory  reasons  for  supposing  that  there  is  an  unconform- 
ability  between  the  Huronians  and  the  Laurentians. 

Here  we  may  digress  and  ask  what  are  geological — that  is,  petro- 
logical divisions  ?  Years  ago  I  have  heard  American  geologists  state 
that  the  European  maps  are  more  lithological  than  geological ;  and 
the  more  the  subject  is  studied,  the  more  reasons  appear  to  believe 
they  are  right  in  this  opinion  ;  as  the  major  number  of  the  divisions 
on  these  maps  partake  more  of  lithological  grouping  than  of  being 
natural  petrological,  that  is,  geological,  divisions.  This  is  especially 
the  case  in  reference  to  the  Kainozoic  and  Mesozoic  rocks ;  as  the 
different  groups  in  them  are  merely  lithological  groups ;  but  it  is 
not  so  much  the  case  in  the  Paleeozoio  rocks,  as  in  the  latter  the 
groups  for  the  most  part  have  a  claim  to  be  petrological ;  but  not 
always,  as  the  rocks  between  the  Carboniferous  and  the  Cambro- 
Silurian  are  still  in  a  higgledy-piggledy  condition.  The  subdivisions, 
however,  are  only  lithological,  as  is  demonstrated  by  a  comparison 
of  the  rocks  of  Ireland  with  those  of  England  ;  the  sub-groups  thnt 
occur  in  regular  succession  in  the  English  groups  being  quite  mixed 
up  in  the  Irish  ones.' 

^  SelwyD  has  specially  mentioiied,  that  the  present  boimdaries  and  mapping  of  this 
county  is  only  proTisional,  and  that  hereafter  there  will,  prohahly,  be  found  in  it 
tracts  of  rocks  belonging  to  the  flnronians. 

'  It  has  been  stated,— palaeontological  eyidence  proTes  these  different  groups ; 
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This  confusion  of  lithological  and  petrological  groups  in  the 
geology  of  the  present  time  appears  to  me  to  be  a  most  important 
consideration  in  the  present  inquiry,  because,  if  such  a  classification 
is  allowed,  the  Canadian  groups  have  as  much  right  to  be  called 
**  geological  divisions  "  as  many,  so  called,  in  England  or  rather  in 
Europe. 

The  mistakes  that  may  occur  by  substituting  lithology  for  petrology 
I  may  attempt  to  illustrate  by  facts  observed  in  Ireland.  For  the 
uppermost  group  of  the  Irish  Cambro-Silurian  the  term  "Slate 
series  "  has  been  suggested,  as  in  general  it  consists  of  argillaceous 
accumulations,  also  as  in  it  all  the  principal  veins  of  roofing 
slates  are  found ;  while  for  the  lowest  group  of  the  same  formation 
the  term  "  Black  Shale  series  "  has  been  proposed,  the  rocks  in  it 
being  also  for  the  most  part  argillaceous,  but  at  the  same  time  car- 
bonaceous and  of  a  blackish  colour.  In  both  groups,  however,  in 
places,  thick  masses  of  arenaceous  rocks  may,  often  suddenly,  cut 
out  the  argillaceous  rocks.  This  is  the  case  in  the  western  extension 
of  the  Oroghan-Einshella  hills  to  the  N.E.  of  Camew,  Wexford, 
where  in  the  **  Slate  series  '*  a  considerable  thickness  of  grit  suddenly 
appears  in  the  slates ;  while  in  the  Erriff  Valley,  co.  Mayo,  a  mass  of 
lithologically  identical  grits  appear  in  the  **  Black  Shale  series " 
Now,  if  the  rocks  in  these  two  far-apart  districts  were  subjected  to 
exactly  the  same  degree  of  metamorphism,  and  under  exactly  the 
same  conditions,  we  should  have  two  groups  lithologically  similar, 
but  petrological ly  or  geologically  very  different;  also  in  both 
localities  the  change  from  one  group  to  another  would  be  marked,  as 
in  both  these  places  the  argillaceous  rocks  are  suddenly  replaced  by 
arenaceous  ;  therefore,  if  metamorphosed,  in  both  cases  there  should 
be  hard  boundaries  between  the  metamorphosed  grit  and  meta- 
morphosed slates,— one  probably  being  gneiss  and  the  other  schist 

In  different  places  in  Ireland  there  are  tracts  of  gneissic  rocks 
more  or  less  similar  to  the  Canadian  Lanrentian,  yet  evidently  they 
belong  to  distinct  geological  groups.  Of  these,  those  in  S.E.  Wex- 
ford, Camsore  district,  are  probably  of  Cambrian  age,  while  those  of 
north  Wexford  in  the  Croghan-Kinshella  range  undoubtedly  belong 
to  the  Upper  group  ("  Slate  series  ")  of  the  Carabro-Silurian  ;  while 
those  of  the  counties  of  Galway  and  Donegal  may  in  part  belong  to 
the  Cambro-Silurian  and  in  part  to  the  Cambrian ;  ^  in  Erris,  N. W. 

this  howeyer  does  not  appear  to  be  proved.  The  different  flora  and  fauna  were 
developed  and  flonrished  under  snch  conditions  as  were  most  fayonrable ;  and  conse- 
quently each  different  group  is  most  conspicuous,  in  more  or  less  similar  groups  of 
strata ;  and  for  this  reason  such  strata  are  said  to  be  of  one  age.  This  often  is 
hard  to  disprove,  on  account  of  not  being  able  to  iaraoe  the  rocks  from  one  place  to 
another ;  but  when  we  are  able  to  do  so,  as  is  the  case  with  the  Carboniferous  rocks 
of  Ireland,  it  is  found  that  the  so-called  dirisions  are  only  lithological.  This  can 
also  be  seen  in  the  Irish  Derono-Silurian ;  take,  for  instance,  the  Culfin  section, 
CO.  Galway,  where  the  lowest  rocks  contain  Llandovery  and  Wenlock  fossils,  while 
over  them  are  strata  containing  Caradoc  fossils,  which  are  succeeded  by  rocks  having 

Spical  Wenlock  and  Ludlow  fossils,  while  in  the  group  above  them,  according  to 
avidson,  ^e  prominent  and  nearly  only  fossil  u  of  a  Llandovery  type. 
^  In  both  these  counties  these  gneissose  and  panitic  rocks  are  evidently,  at  least 
in  part,  younger  than  the  associated  rocks,  which  have  been  proved  to  be,  or  are 
prooably,  of  Cambro-Silurian  age. 
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Mayo,  they  may  be  metamorpboeed  Cambrians ;  in  east  Mayo,  Sligo, 
and  Tyrone,  they  are  possibly  Cambro-Silurians  or  Upper  Cambrians, 
that  is,  the  representatives  of  the  Arenig  rocks  of  Wales  ;  while  in 
the  00.  Antrim,  in  the  Bally  castle  district,  they  are  either  Cambro- 
Silurians  or  Cambrians.  All  these  lithologically  belong  to  one  group, 
while  petrologically  they  represent  dififerent  groups,  belonging  to 
different  geological  ages. 

It  should  be  pointed  out  that,  as  a  general  rule,  hard  well-defined 
boundaries  are  characteristic  of  excessively  altered  rocks;  while 
partly  or  unaltered  rocks  usually  graduate  into  one  another  by  alter- 
nations of  intermediate  kinds  of  rocks;  thus  limestones  in  general 
graduate  into  argillaceous  rocks,  and  the  latter  into  arenaceous 
rocks  ;  while  a  mass  of  arenaceous  rocks  will  usually  at  its  margin 
first  alternate  with  argillaceous  rocks,  before  the  latter  predominate. 

The  subject  of  hard  boundaries  to  metamorphosed  rocks  has  been 
discussed  in  Chap.  x.  of  the  Geology  of  Ireland,  where  it  is  illus- 
trated that,  in  general,  small  altered  tracts  in  large  unaltered  areas 
have  well-marked  boundaries ;  while  here  I  would  point  out  that  in 
large  areas  of  granitoid  rocks,  like  those  of  Galway  and  Donegal,  there 
are  facts  which  indicate  that  the  metamorphism  which  invaded  the 
rocks  was  long  subsequent  to  their  original  accumulation;  as  prior 
to  their  metamorphism  they  were  upturned,  contorted,  displaced  by 
faults  and  denuded,  while  subsequently  such  ruptures  and  breaks 
were  sealed  up  by  the  metamorphic  action  ;  as  proved  by  the  breaks 
in  the  less  altered  rocks  being  much  more  numerous  than  in  the 
granitoid  rocks,  while  all  in  the  latter  are  also  found  in  the  former. 

Many  of  the  phenomena  mentioned  as  occurring  in  the  Irish  rocks 
may  not  directly  apply  to  the  Canadian,  but  indirectly  they  do ;  as 
they  go  to  prove  that  too  much  reliance  must  not  be  placed  on 
merely  lithological  chamctei-s.  Furthermore,  although  there  are 
many  varieties  of  the  Canadian  Archeean  rocks  for  which  there  are 
no  equivalents  in  Ireland,  yet  there  are  also  many  that  have. 
Already  the  great  similarity  between  the  gneiss  of  the  two  countries 
and  of  the  calcareous  rocks  has  been  pointed  out;  while  there  is 
even  a  greater  similarity  between  the  metamorphosed  basic  eruptive 
rooks,  if  one  set  is  compared  with  the  other.  It  was  remarkable  in 
the  section  between  Port  Arthur  and  Winnipeg,  also  in  Ottawa 
County,  and  other  places  in  the  Province  of  Quebec,  the  few  rocks 
I  saw  with  which  I  was  not  previously  acquainted. 

To  return  to  the  boundaries  of  the  Ontario  Laurentians  and 
Huronians.  All  those  I  naw  strongly  suggested  that  they  are  more 
lithological  than  petrological,  as  in  no  place  does  there  appear  to  be 
a  regular  or  well-marked  unconformability  or  even  an  overlap  of  the 
Huronians  on  the  Laurentians ;  while  at  each  side  of  the  boundary 
there  are  striking  similarities  in  the  direction  and  dip  of  the  beds  in 
both  classes  of  rocks ;  also  all  breaks,  faults,  and  such  like  in  the 
supposed  older  rx)cks  appear  also  to  occur  in  the  supposed  newer 
rocks.  There  not  even  being  such  marked  differences  in  character 
between  these  Laurentians  and  Huronians,  as  are  common  in  the 
Irinh  Cambro-Silurians,  between  those  altered  into  schists  and  those 
altered  into  granitoid  rockB. 
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If  we  com  pare  small  things  with  great,  a  parallel  may  be  drawn 
between  the  section  of  metamorphosed  Cambrian  rocks  at  Forlorn 
Point,  CO.  Wexford,  and  the  section  at  the  Kapids  out  of  the  Lake  of 
the  Wood,  one  being  a  pocket  edition  of  the  other.  In  the  Forlorn 
Point  section  going  southward,  we  first  meet  schists,  then  a  hard 
boundary,  then  gneiss,  and  the  latter  after  a  time  graduates  by  alter- 
nations into  schists.  In  the  Canadian  section  going  northward,  first 
you  meet  schists,  then  a  hard  boundary,  south  of  which  is  gneiss ;  and 
the  latter  still  further  north  having  in  it  alternations  or  subordinate 
beds  of  schists :  while  there  is  also  a  bay  that  seemed  to  have  been 
denuded  into  softer  strata  than  the  gneiss ;  of  this,  however,  I  could 
not  satisfy  myself,  as  the  nature  of  the  country  and  time  did  not 
permit. 

I  am  aware  that  Sterry  Hunt  and  others  have  suggested  that  these 
older  rocks  accumulated  under  circumstances  quite  diflTerent  to  those 
of  the  accumulation  of  the  younger  rocks ;  they  in  a  great  measure 
being  more  chemical  than  sedimentary  accumulations.  Such  a  sup- 
position, however,  now  that  I  have  been  able  to  study  the  Canadian 
rocks,  appears  to  me  unnecessary,  as  these  supposed  chemical  accu- 
mulations have  their  characters  in  common  with  rooks  of  the  old 
country, — rocks  whose  characters  can  be  proved  by  ocular  demonstra- 
tion to  be  due,  not  to  chemical  accumulations,  but  to  metamorphio 
action, — that  took  place  long  subsequent  to  their  original  deposition. 

Some  of  the  suggestions  that  I  have  put  forward  in  this  paper  may 
possibly  have  already  been  ventilate^  by  American  geologists.  If 
this  should  happen  to  be  the  case,  I  beg  leave  to  assure  the  originator 
of  the  suggestion  that  his  claim  has  been  ignored  not  purposely,  but 
on  account  of  my  being  unacquainted  with  the  paper  in  which  it  was 
put  forward. 

V. — A  Revision  of  the  Antelopes  or  the  Siwaliks. 
By  K.  Lydekker,  B.A.,  F.G.S.,  etc. 

A  FEW  years  ago  I  described*  some  remains  of  Antelopes  from 
the  Pliocene  Siwaliks  of  India,  when  I  employed  the  generic 
term  Antilope  in  the  wide  sense  in  which  it  was  used  by  the  older 
zoologists  and  palaeontologists.  At  a  later  date'  I  was  enabled  to 
refer  two  of  the  species  thus  designated  to  two  of  the  genera  of 
Antelopes  as  at  present  classed;  and  at  the  same  time  mentioned 
some  other  forms.  A  recent  examination  of  all  the  remains  of  this 
group  from  the  same  deposits  contained  in  the  British  Museum  has 
enabled  me  to  make  a  more  exact  determination  in  the  case  of 
another  of  the  species  mentioned  in  my  first  notice,  and  also  to 
indicate  the  existence  of  other  forms  closely  allied  to  existing 
African  Antelopes.  These  new  forms  I  hope  to  have  an  oppor- 
tunity of  describing  on  a  future  occasion,  and,  therefore,  now  con- 
tent myself  with  merely  giving  a  list  of  the  species  which  I  can 
at  present   recognize.     The  ill-defined  character   of  some  of  the 

*  Palaeontologia  Indica  (Mem.  GeoL  Sarr.  Ind.},  &ot.  10,  toI.  i.  pp.  154-9  (1878). 
»  Ibid.,  YoL  iu.  pp.  127-8  (1884). 
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genera  of  ezistiDg  Antelopes  renders  it  in  many  instances  a  matter 
of  extreme  difficulty  to  be  quite  sure  as  to  the  affinities  of  their 
fossil  relations. 

1.   OrSAS  (?)    LATIDEKS,  nohU, 
Vide  Pal.  Ind.  ser.  10,  yol.  iii.  pL  xiii.  figs.  12,  13. 
Founded  on  the  upper  dentition,  which  closely  resembles  that  of 
the  Eland. 

2.  Stbbpsiobros  (?)  Falooneri,  n.  sp.  nohiB. 
Founded  on  an  immature  cranium  in  the  British  Museum  (No. 
87262)  from  Perim  Island  (Gulf  of  Cambay).  This  specimen 
shows  the  bases  of  the  horn -cores,  and  agrees  so  closely  in  general 
characters  with  the  cranium  of  the  existing  species  of  Strepaiceroi 
that  it  evidently  indicates  a  closely  allied,  and  very  probably 
generically  identical,  form. 

3.    PALiBORTX  (?    sp. 
Vide  Pal.  Ind.  op.  Hi.  figs.  9,  10. 
Indicated  by  molars  resembling  those  of  the  Pikermi  forms  of 
this  genus. 

4.    BOSBLAPHVS,  sp. 
Vide  Pal.  Ind.  op.  eit.  figs.  1,  2. 
Described  upon  the  evidence  of  the  upper  dentition. 

5.  HlPPOTRAGUS   SlVALENSlB,  nohlB. 

Vide  Pal.  Ind.  op.  eit.  y^l.  i.  pi.  rxv.  fig.  1,  2  (Aniilope). 
Originally  founded  on  a  female  cranium  with  the  crowns  of  the 
molars  hammered  o£f,  and  considered  to  be  allied  to  Aniilope  cervix 
oapra ;  from  which  it  is,  however,  widely  different.  An  immature 
cranium  of  a  male  in  the  British  Museum  (No.  39558)  indicates  that 
this  form  is  closely  allied  to  the  existing  African  Hippotragus  niger, 
and  may,  at  least  provisionally,  be  referred  to  that  genus. 

6.  Oazella  porreotioornis,  nobis. 
Vide  Pal  Ind.  ser.  10,  toI.  i.  pi.  xxy.  fig.  4  {Aniiiope). 

Founded  on  a  frontlet  and  horn-core. 

7.  Aloelaphus  PALiBTNDicns  (Falooncr). 
Vide  'Falconer's  Palieontological  Memoirs,'  yol.  i.  pi.  xiii  {Aniilope), 
The  cranium    (B.    M.   No.   39594)    strongly   resembles   that  of 
Alcelaphus  iora,  but  the  direction  of  the  horn-cores  is  more  like 
that  obtaining  in  A.  alhifrons  and  A.  pygargus. 

8.  Aloelaphus  Bakeri,  n.  sp.  nobis. 
This  species  is  founded  on  an  immature  cranium  in  the  British 
Museum  (No.  39598),  with  a  shorter  face  and  more  approximate 
horn-cores  than   the   last   species,   and   presenting  a  very  strong 
resemblance  to  that  of  Alcelaphis  pygargus, 

Oenerically  undetermined  forms^ 
9.   Species  a  (resembling  Cobus). 
Two  fragments  of  frontals  and  horn-cores  (B.  M.  Nos.  18785, 
18785a)  from  Perim  Island,  indicate  a  very  large  Antelope  with 
depressed  trontals,  resembling  Cobus. 


Digitized  by 


Google 


JE.  J.  Dunn— The  Transvaal  Ooldfields.  171 

10.  Species  h  (apparently  allied  to  Cohus), 

The  hinder  portion  of  a  cranium  (B.  M.  No.  39559)  indicates  a 
smaller  animal  than  the  last,  agreeing  very  closely  in  general 
characters  with  the  African  genus  Cohua,  hut  perhaps  too  imperfect 
for  ^neric  determination. 

11.  Species  e  (Jntilope  patuUeomis,  nobis). 
Vide  Pal.  Ind.  ser.  10,  vol.  i.  pL  xxr.  fig.  3. 

The  hinder  part  of  a  cranium  (B.  M.  No.  39569a)  agrees  with  the 
type  frontlets  of  this  form,  and  apparently  indicates  a  species  allied 
to  the  two  preceding  ones ;  hut  with  more  divergent  horn-cores. 

12.  Species  d  (of  uncertain  affinity). 
The  hinder  portion  of  a  cranium  in  the  British  Museum  (No. 
39559^)  belongs  to  a  species  distinct  from  any  of  the  foregoing,  of 
vrhich  the  affinities  are  by  no  means  clear.  Jt  closely  resembles 
an  imperfect  cranium  from  the  Lower  Pliocene  of  Pikermi  figured 
hy  Qaudry  in  the  *Animaux  Fossiles  et  Gleologie  de  TAttique/ 
pi.  liL  fig.  1. 

VI. — On  the  Modb  of  Oooubbenob  op  Gold  in  the  Tbansvaal 

GOLDFIELD. 

By  E.  J.  Buira,  Esq. 

IVENTUKE  to  submit  the  subjoined  account  of  the  mode  of  occur- 
rence of  gold  in  certain  localities  in  the  Transvaal  Gold-field,  in 
the  hope  that  it  may  prove  of  interest  to  some  of  your  readers. 

At  the  "  Waterfall "  Diggings  thin  leaders,  ranging  from  half  an 
inch  to  eight  or  nine  inches,  and  having  a  dip  of  about  60°,  cut 
through  nearly  horizontal  strata  of  shales,  soft  sandstones,  decom- 
posed calcareous  beds,  etc.  The  leaders  consist  of  siderite  and  quartz, 
the  siderite  frequently  preponderating.  Sections  of  these  leaders 
show  sometimes  walls  of  siderite,  with  quartz  in  the  centre ;  and  in 
other  cases  the  walls  are  of  quartz,  with  siderite  in  the  centre.  The 
proper  walls  of  the  vein  are  frequently  mineralized  back  several 
inches  from  the  junction  with  the  "  country."  Where  so  mineralized, 
cubes  of  iron-pyrites  in  an  oxidized  condition  are  abundant,  and  gold 
also  occurs. 

llie  interesting  point  in  connexion  with  these  auriferous  leaders 
is  that  the  gold  is  almost  invariably  associated  with  the  siderite.  I 
did  not  observe  a  single  instance  in  which  the  quartz  was  penetrated 
by  gold;  whereas  the  siderite  is  frequently  thickly  studded  with 
gold  in  the  form  of  small  plates,  in  arborescent  forms,  and  in  minute 
particles.  The  siderite  is  altered,  but  still  preserves  its  distinct 
cleavage.  It  is  dark-brown  in  colour,  and  in  places  is  stained  black 
by  manganese  oxide.  The  quartz  is  translucent,  and  bears  the 
impress  of  the  rhombohedrons  of  siderite. 

Associated  with  gold  in  these  veins  are  native  bismuth,  carbonate 
of  bismuth,  yellow  sulphuret  of  copper,  muriate  of  copper,  oxide  of 
copper,  and  hematite.  There  are  a  great  many  of  these  leaders,  and 
nearly  all  are  auriferous,  and  most  are  richly  so. 

"  Woodward's  leaders,"  at  Spitzkop,  cut  through  similar  rocks ; 
but,  though  siderite  is  present,  it  is  less  abundant ;  the  veins  here 
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consist  principally  of  quartz.  In  the  deeper  workings  white  un- 
altered siderite  is  found,  with  gold  in  it  There  are  very  many 
leaders  at  this  locality ;  at  least  thirty  are  already  worked.  They 
run  parallel,  and  range  from  one-eighth  up  to  six  inches  in  thick- 
ness. Where  they  cut  through  certain  beds  of  very  fine,  argillaceous, 
dove-coloured  shale,  these  leaders  become  extremely  rich.  The 
veins  generally  contract  at  these  intersections,  and  swell  out  above 
and  below.  Often  the  width  of  the  vein  at  such  spots  is  not  more 
than  one-eighth  to  one-fourth  of  an  inch  in  thickness,  and  the  whole 
width  is  occupied  by  gold.  Plates  of  solid  gold,  filling  the  veins 
where  so  narrow,  have  been  found,  weighing  from  one  to  ten  ounces 
each.  A  few  crystals  of  iron-pyrites  (oxidized)  occur  in  the  quartz. 
ITie  **  country  "  does  not  appear  to  have  become  mineralized  bank 
from  the  veins.  As  at  "  Waterfall,"  the  gold  appears  to  have  been 
associated  with  the  siderite,  for  which  it  had  a  greater  affinity  than 
fnr  the  quartz,  and  seldom  are  the  gold  and  quartz  found  intimately 
blended. 

At  *'Ros8  Hill"  iron-pyrites  of  large  size — some  crystals  weighing 
2  lbs.  and  more — and  in  groups  of  crystals  weighing  many  pounds, 
are  abundant;  the  quartz  of  the  veins  is  pitted  with  thin  hollow 
casts.  All  the  pyrites  are  oxidized,  and  many  of  them  show  gold, 
not  only  on  the  outside,  but  in  the  heart  of  the  crystals.  The 
crystals  are  frequently  modified  dodecahedrons. 

At  **Brom*8  Hill,"  "Ophir  Hill,"  and  the  "Company's  Reef," 
Grasskop,  the  quartz  veins  (generally  "flat  leaders")  are  thickly 
pitted  with  the  cubic  casts  of  pyrites ;  and  many  of  these  veinstones 
prove  highly  auriferous,  the  gold  being  impalpably  fine  (dust  gold). 

At  *•  King's  Claim,"  Spitzkop,  one  of  the  richest  spots  yet  found 
on  these  Gold-fields,  the  gold  occurs  in  a  sort  of  soft  breccia  of 
sandstone,  shales,  etc.,  interpenetrated  by  diorite  in  a  soft  state.  It 
is  found  in  plate-like  pieces,  from  a  pennyweight  up  to  two  or  4hree 
pounds  weight  each.  The  gold  is  associated  with  a  ferruginous 
earth;  and  quartz  appears  to  be  almost  entirely  absent,  and  is 
certainly  not  the  matrix  in  this  instance. 

In  "Mcintosh's  Beef,"  Swaziland,  gold  in  small  particles  ooours, 
associated  with  native  bismuth,  in  the  heart  of  the  quartz,  which  is 
somewhat  greasy-looking,  and  occurs  in  a  much  older  formation 
(schist)  than  the  veins  previously  mentioned. 

Crystals  of  gold  occur  at  Woodward's  leaders  and  at  Silo  and 
Tait's  Claims,  Spitzkop. 

At  "Frankfort"  and  " Herman sberg,"  on  the  Blyde  River,  a 
remarkable  saccharoidal  quartz  is  in  parts  richly  auriferous ;  oxidized 
iron-pyrites  and  their  hollow  casts  are  numerous.  The  gold  varies 
from  the  size  of  a  large  pin's  hectd  to  "  flour  gold." 

At  "Pritchard's  Reef,"  and  "  Rautenbach's  Reef,"  near  the 
"  Kantoor  Diggings,"  a  large  area  of  diorite,  in  a  decomposed  state, 
is  penetrated  in  all  directions  with  quartz- veins.  Oxidized  pyrites 
aie  also  present,  and  "  flour  gold  "  appears  to  be  distributed  through 
the  whole  mass. 

As  may  be  inferred,  there  are  few  localities  where  gold  occurs 
under  such  "Varying  conditions  as  in  the  I'ransvaal  Gold-fields. 
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VII. — On  the  Ooourrenoe,  as  a  Common  Rook-formino  Mineral,  of 
A  Remarkable  Member  of  the  Enstatitb  Group  (Amblybtkoite, 
vom  Bath), 

By  Prof.  John  W.  Judd,  F.R.S.,  Sec.  G.S. 

DURING  recent  years,  much  attention  has  been  directed  to  the 
importance  of  the  Rhombic  Pyroxenes  (Enstatites)  as  rock- 
forming  minerals.  In  1879  Prof.  Fouque  showed  that  hypersthene 
is  a  common  mineral  in  the  Santorin  lavas,  and  in  1883  Mr.  Whitman 
Cross  demonstrated  that  there  exists  a  large  and  important  class  of 
andesites,  distinguished  by  the  presence  in  them  of  the  same  mineral 
hypersthene.  Mr.  Teall,  in  the  pages  of  this  Magazine,  has  pointed 
out  that  similar  lavas  exist  in  this  country,  which  are  undoubtedly 
of  pre-Tertiary  age;  and,  now  that  the  attention  of  geologists  has 
been  very  generally  drawn  to  the  subject,  the  same  rocks  have 
been  recognized  by  many  observers  in  all  parts  of  the  globe. 

The  class  of  the  Rhombic  Pyroxenes,  or  Enstatites,  comprises  the 
bisilicates  of  magnesia,  in  which  a  varying  proportion  of  that 
base  may  be  replaced  by  ferrous  oxide.  This  replacement  of  the 
one  base  by  the  other  results  in  striking  modifications  in  the  colour, 
appearance  and  optical  constants  of  the  mineral,  but  does  not  appear 
to  appreciably  alter  the  outward  crystalline  form.  Three  chief  types 
of  the  rhombic  pyroxenes  have  been  very  generally  recognized — the 
non-ferriferous  (enstatite),  the  slightly  ferriferous  (bronzite)  and  the 
highly  ferriferous  (hypersthene) ;  but  much  diflference  of  opinion 
has  existed  concerning  the  definition  and  limits  of  these  three  species. 

Tschermak  has  proposed  to  confine  the  name  of  enstatite  to  those 
rhombic  pyroxenes  in  which  the  proportion  of  iron  falls  below  6 
per  cent. ;  to  give  the  name  of  bronzite  to  those  in  which  the  per- 
centage of  ferrous  oxide  lies  between  5  and  15 ;  and  to  call  by  the 
name  of  hypersthene  all  those  containing  more  than  15  per  cent  of 
ferrous  oxide. 

But  there  are  certain  rhombic  pyroxenes  in  which  the  proportion 
of  ferrous  oxide  is  exceedingly  high,  ranging  from  25  to  35  per  cent., 
80  that  this  base  is  largely  in  excess  of  the  magnesia,  and  in  these 
the  physical  properties  are  so  entirely  di£ferent  from  those  of  the 
typical  unaltere<l  hypersthenes  that  it  seems  desirable  to  give  them 
a  distinct  name.  The  most  conspicuous  character  of  these  ex- 
cessively ferriferous  enstatites,  is  their  very  striking  pleochroism. 
The  thinnest  plates  give  with  the  dichroiscope  tints  varying  from 
a  rich  red,  like  that  of  garnet,  to  a  vivid  blue-green. 

Instead  of  proposing  a  new  name  for  these  very  highly  ferriferous 
enstatites,  it  appears  to  me  to  be  desirable  to  revive  the  old  name  of 
"  Amblystegite,*'  which  was  proposed  by  vom  Rath  for  a  mineral  of 
this  class  in  the  year  1869. 

I  have  recently  found  that  this  remarkable  and  very  beautiful 
mineral  is  by  no  means  uncommon  as  a  rock-constituent.  It  occurs 
in  rocks  of  several  different  classes — quartz-diorites,  diorites,  dolerites, 
gabbros,  and  certain  ultra-basic  rocks ;  and  the  rocks  containing  this 
mineral  are  certainly  very  widely  distributed,  for  I  have  already 
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found  examples  of  them,  not  only  in  several  parts  of  the  British 
Islands,  hut  among  specimens  from  Western  Africa,  India,  and  the 
Pacific  Islands. 

I  am  now  preparing  descriptions  of  the  rocks  containing  this 
interesting  mineral,  in  which  I  shall  fully  discuss  its  physical 
characters,  and  the  analyses  which  have  heen  made  of  it  As  the 
mineral  appears  to  he  hy  no  means  uncommon,  however,  I  have 
thought  it  well  to  ccdl  attention  to  it  in  this  preliminary  note. 


Vin. — The  Gausk  op  Slaty  Clbataoe.    Shkarikg  c.  Gomprkssion. 

A  Beplt  to  Mb.  Harkeb. 

BytbeEev.  0.  Fisher,  M.A.,  F.G.S. 

IT  has  given  me  much  satisfaction  to  see  Mr.  Barker's  criticism  of 
my  theory  of  cleavage,  because  I  think  few  stronger  champions 
could  be  found  for  the  older  hypothesis.  His  remarks  deserve  a 
reply.  I  first  give  Mr.  Barker's  description  of  the  theory  which  I 
have  endeavoured  to  supersede.  The  changes  which  have  induced 
cleavage  *'  were  ascribed  to  great  lateral  compression  of  the  rock  in 
the  direction  perpendicular  to  the  cleavage-planes,  together  with 
some  expansion  along  those  planes  in  the  line  of  their  dip."  ^  And, 
although  he  has  not  incorrectly  described  my  theory,  I  prefer  to 
restate  it  in  the  words  I  used  at  the  end  of  my  paper  on  "  Faulting, 
Jointing,  and  Cleavage."  The  internal  movement,  which  has 
produced  cleavage,  "would  have  been  accomplished  by  faulting, 
had  not  the  friction  been  too  great,  owing  to  pressure,  to  allow  of 
sliding  along  surfaces  of  separation.  Viscous  shearing  therefore 
performed  the  office  and  produced  cleavage  surfaces."  * 

Mr.  Barker  truly  says  that  I  *'  contend  that  the  kind  of  distortion 
presented  by  the  fossils  of  cleaved  rocks  is  such  as  would  be  pro- 
duced by  a  shearing  motion."  But  I  did  not  mean  to  deny  the  alter- 
native, viz.  that  these  appearances  oould  equally  have  been  brought 
about  by  compression  combined  with  expansion,  as  indeed  appears 
from  my  remark  that  the  ellipsoid  caused  by  shearing  <<  corresponds 
with  that  given  by  Phillips  "  in  his  diagram ; '  and  we  know  that  he 
was  attributing  distortion  to  compression  combined  with  expansion. 

Mr.  Barker  evidently  refers  to  Dr.  Baughton's  calculations,^  where 
he  says  that  the  ellipsoid  of  distortion  comes  out  something  very  like 
a  flat  oblate  spheroid,  which  my  theory  would  not  explain.  Dr. 
Baughton's  method  of  calculating  the  form  of  the  ellipsoid  of  dis- 
tortion is  ingenious,  and  I  now  believe  correct  in  theory ;  but  there 
are  points  connected  with  the  author's  application  of  it  to  actual 
instances,  which  I  think  present  great  difficulties.  Bis  law  I.  appears 
to  assert,  that  the  greatest  '<  distortion  or  elongation  "  of  a  fossil  is 
in  the  direction  of  the  intersection  of  the  cleavage  and  of  the 
bedding,  which  must  be  the  strike  of  the  rocks.  Does  this  agree 
with  the  experience  of  other  observers?    Also  he  brings  out  the 

>  Geol.  Mao.  Dec.  III.  Vol.  II.  p.  16. 
»  Geol.  Mao.  Dec.  III.  Vol.  I.  p.  276. 

>  PhiL  Mag.  Jan.  1856.  «  PhU.  Mag.  1856,  Tol.  xiL  p.  409. 
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elHpBoid  of  disturtion  to  be  commonly  an  oblate  spheroid.  la  cases 
where  the  bedding  coincided  with  the  cleavage  plane,  this  would 
cause  fossils  to  be  scarcely  at  all  distorted ;  whereas  in  those  I  have 
seen  they  are  usually  much  elongated  in  the  direction  of  dip  of 
cleavage.  The  great  condensation  of  the  material  required  by  his 
result  is  likewise  scarcely  conceivable,  except  under  the  exceptional 
circumstance  of  its  having  been  a  shal^  before  cleavage  was  induced. 
In  such  a  case,  the  chief  condensation  would  have  occurred  previously 
to  the  cleavage  being  set  up,  and  ought  not  to  be  included  in  the 
results  of  that  action.  But  Dr.  Haugh ton's  method  of  calculation 
does  not  afford  any  means  of  separating  the  two.  The  Tintagel 
fossils  have  much  the  appearance  of  shells  which  have  been  origi- 
nally preserved  in  a  shale,  after  the  manner  of  the  fossils  from  the 
Oxford  Clay  at  Christian  Malford. 

If  cleavage  be,  as  I  argue,  due  to  a  shearing  action,  the  question 
whether  the  cleavage  planes  will  be  in  the  direction  of  the  shear,  or 
in  that  of  the  longer  diametral  plane  of  the  ellipsoid  of  distortion 
produced  by  it,  is  perhaps  an  open  one.  In  my  first  paper  I  sug- 
gested that  the  two  sets  of  planes  would  coincide/  and  I  note  that 
Mr.  Harker  would  incline  to  this  view,  could  he  admit  the  theory  at 
all.  In  my  second  paper,  influenced  by  Sharpens  figures,  I  concluded 
the  other  way.  It  is  possible  this  later  conclusion  may  be  too  sweep- 
ing. But  I  feel  pretty  certain ;  that  if  the  rock  be  of  such  a  nature, 
that  its  constituent  particles  are  all  distorted,  then  cleavage  tnust  on 
the  whole  follow  the  distortion.  If,  however,  it  consists  of  hard 
particles  imbedded  in  a  less  rigid  matrix,  so  that  those  particles  resist 
deformation  and  the  matrix  shears  past  them,  then  the  cleavage  may 
be  less  perfect,  and  may  follow  the  shear.  Those  particles,  eye- 
shaped  in  section,  which  occur  in  coarse  slates  and  in  schists,  point 
to  this  kind  of  action ;  and  their  outline  indicates  stream-lines,  in 
which  the  matrix  has  flowed  past  them  in  opposite  directions  on 
their  opposite  surfaces,  and  abraded  or  dissolved  away  their  substance 
until  they  have  been  reduced  to  the  lenticular  forms  which  now 
guide  the  cleavage.  There  may  be  degrees  of  action  intermediate 
between  these  extremes. 

There  is  no  difficulty  in  accounting  for  contorted  layers  of  harder 
rock,  interbedded  with  more  yielding  rock  which  shows  cleavage,  as 
at  Ilfracombe.  The  mode  in  which  this  would  be  effected  is  excel- 
lently illustrated  in  some  diagrams  given  by  Stapff.*  The  effect  pro- 
duced would  depend  upon  the  inclination  of  the  layers  to  the  direction 
of  the  shear.  If  that  were  such  that  they  made  at  first  an  acute 
angle  with  the  direction  of  the  shear,  they  would  be  more  and  more 
crumpled  as  the  shear  went  on,  until  such  time  as  the  axis  of  the  folds 
became  perpendicular  to  the  direction  of  the  shear.  When  that  position 
had  been  passed,  they  would  begin  to  be  straightened  out  again,  were 
the  material  capable  of  sustaining  tension.  But  as  it  is  not,  they  would 
be  pulled  to  pieces,  and  afterwards  worn  down  into  flattened  frag- 

*  Geol.  Mag.,  Dec.  III.  Vol.  I.  p.  269. 

'  Wie  am  Mte.  Piottino  die  Parallelstniktur  des  Gneisses  in  Schichttmg  iibergeht. 
Neiies  Jahrboch  fiir  Mineralogie,  etc,  1882, 1.  Band,  pp.  92,  93* 
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ments.  In  this  Tnanner  a  frilled  schist  may  pass  into  a  rock  showing 
schistose  cleavage  in  the  direction  of  the  shear,  which  will  be 
parallel  to  the  folds.  This  would  explain  what  Mr.  Teall  has  told 
me,  viz.  that  he  has  seen  facts  in  the  N.W.  of  Scotland,  which  have 
led  him  to  sus{>ect  some  connection  between  ''frilling"  and  schistosity  ; 
having  noticed  the  one  apparently  pass  into  the  other  within  a 
moderate  horizontal  distance. 

It  seems  that,  as  the  shear  increased,  the  limbs  of  the  folds  of  the 
frilling  would  be  alternately  compressed  and  elongated.  This  would 
give  rise  to  alternate  layers,  in  which  the  materials  of  the  harder 
and  softer  original  layers  would  be  mingled  in  different  proportions, 
and,  if  further  metamorphosed,  these  would  pass  into  alternate 
layers,  in  which  the  component  minerals  would  not  be  similarly 
abundant.  If,  however,  the  bedding  of  the  layers  was  at  right 
angles,  or  at  an  obtuse  angle,  to  the  shear,  they  would  never  be 
crumpled  at  all,  but  begin  at  once  to  be  torn  to  pieces.  Thus  it 
appears  that  even  the  same  amount  of  shear,  which  at  one  locality 
produces  frilling,  may  in  another,  not  far  off,  produce  schistosity : 
the  difference  of  effect  depending  upon  different  inclinations  between 
the  layers  and  the  shear  at  the  two  places. 

This  kind  of  action  might  affect  a  schist,  and  convert  it  into  s 
frilled  schist,  and  then  bad^  again  into  a  schist  having  a  different  dip 
from  the  original  one. 

When  we  turn  to  the  relation  of  cleavage  to  the  structure  of  a  dis- 
trict, we  approach  a  more  difficult  branch  of  the  subject,  but  the  one 
which  must,  I  believe,  decide  the  mode  of  causation.  The  more 
we  learn  about  earth  movements,  the  more  complicated  we  find  them  ; 
witness  the  latest  results  of  the  Survey  in  the  Eribol  district  But 
from  what  we  do  know,  I  think  a  great  amount  of  shear  at  certain 
places  cannot  be  called  improbable:  and  I  am  not  prepared  to 
abandon  my  somewhat  bold  hypothesis  to  account  for  the  movements, 
by  which  I  think  cleavage  might  be  superinduced  upon  already 
highly  disturbed  rocks.* 

Mr.  Harker  combats  this  with  a  diagram  implying  that,  on  my 
hypothesis,  we  ought  to  meet  with  cleavage  dipping  in  directions 
nearly  at  right  angles  upon  the  opposite  flanks  of  a  range  of  hills, 
but  with  none  at  the  summit  or  in  the  plains.  I  however  carefully 
guarded  against  being  supposed  to  assert,  that  the  outline  of  a 
district,  such  as  I  drew  to  explain  the  cause  of  vertical  movements, 
in  any  way  represented  the  present  contour ;  saying  that  denudation 
would  have  entirely  changed  its  aspect. 

In  the  next  place  it  does  not  follow  that  the  settling  down  of  a 
recently  raised  tract  would  take  place  by  consecutive  gradations  from 
the  outsides  to  the  centre.  More  probably  it  would  be  great  at 
places,  and  little  or  none  through  intermediate  spaces.  Some  of  the 
horizontal  sections  of  the  geological  survey,  carried  through  cleaved 
districts,  convey  this  idea.'  In  fact,  those  readjustments  of  equili- 
brium, which  in  other  cases  have  been  accomplished  by  faulting, 

'  Loe.  cit,  p.  271. 

»  Hor.  Sections,  6,  26,  27,  29,  31,  32,  40,  113,  114,  116, 118. 
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may  in  the  circumstances  have  taken  place  through  shearing.  Of 
course  this  would  not  exclude  faults  formed  antecedent  to  the 
cleavage,  and  which  may  have  accompanied  the  elevatory  movements. 

But  to  return  to  the  unfavourable  instance  which  Mr.  Harker  has 
supposed.  At  the  central  portion  there  will  be  no  shear,  and  there- 
fore no  cleavage.  Where,  on  either  side  of  this,  the  shear  just  com- 
mences, it  would  be  too  slight  to  induce  perceptible  cleavage.  There 
the  undeveloped  cleavage  would  be  at  right  angles  to  the  unde- 
veloped cleavage  on  the  opposite  side  of  the  crest  But  at  distances 
from  the  centre,  at  which  the  shear,  and  therefore  the  cleavage,  be- 
came pronounced,  the  two  dips,  though  in  opposite  directions,  would 
be  steeper  than  to  be  at  i-ight  angles  to  one  another — as  Mr.  Harker 
has  represented  them.  Neither,  though  the  dip  of  cleavage  is  usually 
high,  is  it  by  any  means  always  so.^  But  take  the  instance  suggested 
as  a  difficulty;  that  is,  suppose  the  shear  to  be  vertical,  and  of 
such  an  amount  as  would  cause  the  cleavage  to  be  inclined  at  about 
22°  to  it     Then  the  dip  would  be  68° — a  by  no  means  low  angle. 

The  early  observers  of  cleavage  came  to  the  conclusion  that  it 
was  a  feature  produced  by  some  very  extensive  cause,  operating 
after  the  rocks  had  undergone  great  displacement  This  is  clearly 
at  variance  with  the  theory,  that  the  pressure  which  caused  the 
displacement  caused  also  the  cleavage.  Mr.  Harker  makes  no 
allusion  to  this  point;  nor  to  the  particular  instance,  in  which  it 
seems  to  be  illustrated,  viz.  by  the  section  which  I  gave  from  the 
cliff  at  Hope's  Nose.  I  am  not  aware  of  the  exact  evidence  which 
led  Sedgwick  and  the  rest  to  this  conclusion;  but  it  seems  to  me 
to  follow  of  course  from  the  fact,  that  dip  of  cleavage  is  nearly 
independent  of  bedding.  For  fix  the  thoughts  upon  a  material 
sphere  within  the  rock  undergoing  contortion.  If  the  pressure 
which  causes  the  contortion  also  produces  cleavage,  this  sphere 
will  have  been  distorted  into  a  flattened  ellipsoid.  If,  at  some  later 
stage  of  the  process,  the  stratum  of  which  it  forms  a  part  be  further 
rotated  into  a  new  position,  the  ellipsoid  will  be  rotated  with  it,  so 
that,  if  the  formation  of  the  cleavage  preceded  the  contortion,  the 
parallelism  of  the  cleavage  planes  throughout  a  district  would  be 
subsequently  destroyed.  The  same  would  be  the  case,  though  to 
a  less  degree,  if  the  contortion  and  supposed  cleavage-causing  com- 
pression went  on  together.  Neither  must  it  be  forgotten  that  the 
formation  of  cleavage  according  to  the  compression  theory,  and 
contortion,  are  two  distinct  modes  of  satisfying  compression,  and  that 
the  sum  of  the  two  would  be  constant;  so  that  with  the  more  of 
one,  there  would  be  less  of  the  other.  I  cannot  help  thinking  that, 
if  cleavage  had  been  induced  by  the  same  exertion  of  pressure  which 
contorted  the  rocks,  instead  of  the  cleavage  ranging  in  nearly 
parallel  planes  over  considerable  belts  of  country,  it  would  lie  in 
undulations  more  or  less  normal  to  the  curvature  of  the  folds,  and 
not  in  planes  independent  of  them. 

^  Jukes's  Manual,  p.  271,  ed.  1862. 
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L — Geologik  von  Batebn.     Von  Dr.  K.  Wilhelm  von  Gumbrl. 
'  Ei-Bter  Theil :    Grundzuoe  deb  Geologis.      I.  Lieferung.    Hit 
zahlreichen  Abbildungen  im  Text.     (Kassel,  1884.) 

ALTHOUGH  this  work  is  entitled  "  Geology  of  Bavaria,"  yet 
the  first  part,  oontaining  the  principles  of  geology,  is  altogether 
of  a  general  character,  and  apparently  has  no  special  relation  to 
Bavaria  or  other  part  of  Germany. 

The  first  part  of  the  work  treats  of  the  Hylology  of  the  Earth, 
that  is,  of  the  form  and  derivation'  of  the  materials  of  which  the 
Earth  consists.  This  is  divided  into  five  sections,  which  respectively 
refer  to  mineralogical,  petrographical,  morphologic€d,  petrogeneric, 
and  palsdontological  subjects. 

The  first  number  of  208  pages  large  octavo,  with  146  woodcuta, 
contains  merely  the  first  two  sections  relating  to  mineralogy  and 
petrography.  The  author's  classification  of  the  different  rocks  has 
at  least  the  merit  of  novelty,  and  we  therefore  venture  to  give  an 
indication  of  its  character.  The  first  leading  group  named  Rokkite 
is  defined  as  an  aggregate  of  chiefly  crystalline  particles,  not  in  a 
slaty  form.  This  is  subdivided  into  Homokokkite,  when  the 
crystalline  rock  consists  of  only  one  kind  of  mineral,  such  as  ice, 
rocksalt,  gypsum;  and  Heterokokkite,  when  it  is  composed  of  different 
minerals  with  a  crystalline,  porphyritic,  or  amorphous  gi*ound-mass» 
such  as  granite,  trachyte,  etc.  llie  second  main  group  named  Hyalite 
is  defined  as  massive  rock  consisting  of  an  amorphous  glassy  magma, 
without  regular  inclosures,  such  as  obsidian  and  perlite.  The  third 
group  is  Phyllolithe,  or  thin-bedded  rocks  mostly  of  macrocrystalline 
constituents,  such  as  quartzitic  and  mica  schists,  gneiss,  etc.  The 
fourth  group,  Pelolithe,  consists  of  stratified,  more  or  less  massive, 
apparently  homogeneous  rock,  oontaining  an  intimate  mixture  of  small 
crystalline,  clastic,  and  organically-formed  particles.  Rocks  of  such 
different  characters  as  quartzite,  limestone,  and  marl  are  examples  of 
this  group.  The  fifth  group,  Psepholite,  embraces  stratified  rocks 
consisting  chiefly  of  readily  recognizable  fragments  of  older  broken 
up  rock-masses,  either  loose  or  firmly  united  by  some  cementing 
material.  Under  this  are  included,  amongst  others,  sand,  sandstone, 
conglomerate,  boulder-clay,  volcanic  tuff,  eta  The  sixth  and  last 
main  group,  named  Organolithe,  is  defined  as  stratified  rock  consisting 
chiefly  of  remains  of  extinct  organisms.  This  embraces  chalk,  deep- 
sea  mud,  diatomaceous  earth,  and  coal. 

We  are  afraid  that  in  practice  this  classification  will  prove  some- 
what puzzling,  since  many  stratified  rocks  will  come  under  two  or 
even  three  of  the  leading  groups. 

The  descriptions  of  the  different  kinds  of  rocks  appear  to  be  very 
satisfactory  and  reliable,  and  particular  attention  is  given  to  their 
microscopic  structure,  which  is  illustrated  by  numerous  well-executed 
woodcuts.  These  give  this  work  a  distinctive  feature,  and  render  it 
highly  valuable  to  the  student 
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We  remark  in  passing  that  the  Laarentian  eozoonal  limestone  is 
placed  with  rook-salt  and  gypsum  in  the  Uomokokkite  diviHion, 
from  whioh  we  presume  that  the  author  is  at  least  convinced  of  the 
inorganic  nature  of  this  rook,  though  his  statement  respecting  it  is 
not  very  explicit  (see  p.  97).  G.  J.  H. 


IL — Gbologioal  Survby  Publioations. 

1. — Gums  to  thb  Gieolooy  or  London  and  thb  Nbiohboubhood. 
By  William  Whitakkb.  Fourth  Edition,  1884,  pp,  89. 
Price  1«. 

lliis  is  undouhtedly  one  of  the  most  successful  publications  issued 
by  the  Geological  Survey  of  England  and  Wales;  for  no  other 
memoir  of  the  Survey  has  reached  even  a  third  edition.  The 
**  Guide  to  the  Geology  of  London  "  has  been  published  at  a  much 
lower  price  than  the  majority  of  the  Survey  Memoirs  ;  it  is  printed 
in  large  type  (though  with  indifferent  ink),  and  above  all  it  is 
written  in  a  concise  and  readable  style.  The  chief  points  in  which 
this  edition  differs  from  the  last  are  noted  by  Mr.  Whitaker  in  his 
preface.  Most  important  are  the  accounts  of  recent  deep  borings, 
especially  that  at  Richmond;  while  the  generalized  section  across 
the  London  Basin,  showing  the  underground  range  of  old  rocks, 
has  been  modified  in  accordance  with  the  fresh  data  furnished  by  the 
borings.  Sections  are  also  given  of  the  Lower  London  Tertiaries, 
north  and  south  of  the  Thames. 

In  aqother  edition  it  would  be  useful  to  give  the  species  as  well 
as  the  genera  of  the  commoner  fossils  that  are  met  with  ;  and  perhaps 
an  index-map  might  be  furnished,  after  the  plan  adopted  in  the 
Sxplanation  of  Sheet  13,  and  some  other  Memoirs. 

2. — ^Thb   Gbolooy  of   thb  Countby  Nobth-bast   of   Yobk   and 

South  of  Malton.    By  C.  Fox-Stbangways.     1884.    pp.  40. 

Price  Is.  6i. 

This  Memoir  contains  a  description  of  a  large  part  of  the  Yale  of 

York,  including  the  geology  of  the  city  itself.     Tlie  rocks  embraced 

in  the  area  comprise  the  Keuper,  Rhsatic  Beds,  Lias,  Oolites  (up  to 

the  Eimmeridge  Clay),  Neocomian,  Cretaceous,  Glacial  and  Post* 

Glacial  deposits.     Lists  of  fossils   are  given,   and  the  labours  of 

other  observers  are  duly  acknowledged. 

8. — Thb  Gbolooy  of  thb  Countby  abound  Diss,  Eyb,  Botbsdalb, 
AND  IxwoBTH.     By  F.  J.  Bbnnbtt.     1884.     pp.  44.     Price  2«. 
This  Memoir  contains  an  account  of  the  Chalk,  Glacial,  and  Post- 
Glacial  deposits  of  parts  of  Norfolk  and   Suffolk.      An   appendix 
contains  recosds  of  numerous  shallow  well-borings. 

4.— Thb    Gbology    of     thb    Countby    abound    Attlbbobouoh, 
Watton,  and  Wymondham.     By  F.  J.  Bbnnbtt.     1884.    pp. 
31.     Price  It.  6rf. 
A  portion  of  Norfolk  is  embraced  in  the  area  described  in  this 

Memoir;   the  strata  described  being  Chalk  (with  lists  of  fossils), 
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Qlacial,  and  PoBt-Qlacial  deposits.     Hecords  of  many  well-borings 
are  included. 

6. — Thi  Geoloot  of  toi   Country   around    Fakbkhah,  Wells, 
AND    Holt.      By    Horace    B.    Woodward.      1884.      pp.  67. 
Price  2«. 
In  this   Memoir  also  a  portion   of  Norfolk  is  described.      The 

formations  comprise  Chalk,  Crag,  Glacial  and  Post-Glacial  deposits. 

Lists  of  fossils  from  the  Chalk  and  Crag  are  given. 

6. — Explanation  of  Horizontal  Sections.     Sheet  128.     Sections 

of  the  Suffolk  Cliffs  at  Kessingland  and  Pakefield,  and  at  Corton. 

By  J.  H.  Blakk.     pp.  8.     Price  2d. 

In  this  short  explanation  Mr.  BInke  gives  a  concise  description  of 

the  beds  exhibited  in  the  coast  section.     It  is  intended  to  accompany 

the  engraved  sheet  of  sections.     The  beds  described  belong  to  the 

"Forest-bed   and   Chilleeford   Series,"   the   "Glacial    Drift,"   and 

Becent  deposits.     The  fossils  of  the  various  divisions  are  noticed, 

and  considerable  importance  is  attached  to  the  "  Rootlet-bed,"  which 

in  the  opinion  of  the  author  "  shows  a  distinct  break  or  unconformity 

between  the  Pliocene  beds  and  the  overlying  Drift." 


ni. — ^A  Sketch  of  the  Geoloot  of  Suffolk.  By  J.  E.  Taylor, 
Ph.D.,  F.L.S.,  F.G.S.  [Reprinted  from  White's  History,  Gazetteer, 
and  Directory  of  the  County.]     Sheffield,  1884.     Pp.  19. 

EXCELLENT  sketches  of  the  geology  of  various  English 
counties  have  been  contributed  from  time  to  time  to  White's 
Histories.  Thus  the  geology  of  Hampshire,  and  that  of  Leicester- 
shire and  Rutland  were  prepared  by  Mr.  W.  J.  Harrison  (1877) ; 
that  of  Devonshire,  by  Mr.  M.  Townshend  Hall  (1878) ;  Lincoln- 
shire, by  Mr.  Harrison  (1882)  ;  and  Norfolk,  by  Mr.  John  Gunn 
(1883).  We  have  now  been  favoured  by  Dr.  Taylor  with  a  new 
edition  of  his  Geology  of  Suffolk,  the  first  edition  of  which  was 
noticed  in  the  Geological  Magazine  for  1874  (p.  268).  In  the 
interval  a  number  of  papers  dealing  with  the  geology  of  this  county 
have  been  published,  and  these  are  duly  noticed  by  Dr.  Taylor, 
who  has  himself  contributed  much  to  our  knowledge  of  the  local 
geology. 

lY. — ^The  Fossils  of  the  Yorkshire  Lias  described  from 
Nature.  With  a  carefully  measured  Section  of  the  Strata,  and 
the  Fossils  peculiar  to  each.  By  Martin  Simpson.  Second 
Edition,  1884.  Whitby  (sold  at  the  Museum);  and  London, 
John  Wheldon.     Price  68, 

MR.  SIMPSON  is  well  known  to  geologists  who  have  investi- 
gated the  sections  on  the  Yorkshire  coast,  as  the  Curator  of 
the  Whitby  Museum,  and  as  a  most  enthusiastic  student  of  the 
fossils  of  the  district.  For  nearly  fifty  years  he  has  occupied  his 
post  at  the  Museum,  and  early  in  1843  (as  he  tells  us  in  the  preface 
to  this  volume)  he  published  descriptions  of  more  than  one  hundred 
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Ammonites  of  the  Yorkshire  Lias,  in  a  short  Monograph.  Later  x>n, 
in  1855,  he  published  descriptions  of  all  the  then  known  fossils  of 
this  formation,  together  with  an  outline  of  the  Geology  of  the  York- 
shire Coast,  intended  as  a  guide  to  strangers.  In  the  fourth  edition 
of  this  '<  Guide  "  (published  in  186B)  he  gave  a  section  of  the  Lias, 
carefully  measured  in  detail,  and  noted  the  fossils  which  he  had 
collected  from  each  stratum.  This  section  is  now  reprinted,  with 
slight  alterations,  and  the  fossils,  recorded  in  the  work  before  us,  are 
referred  to  their  particular  horizons  in  the  section.  The  estimates  of 
the  thickness  of  the  Lias  differ  from  those  given  by  Messrs.  Tate 
and  Blake  in  their  "Yorkshire  Lias."  The  chief-  value  of  Mr. 
Simpson's  work,  however,  consists  in  his  records  of  the  positions  in 
which  the  fossils  occur.  His  descriptions  of  the  species,  being  un- 
accompanied by  figures,  will  not,  we  fear,  be  of  very  great  service  to 
collectors. 


♦ 

L — Gbologioal  iSooibtt  of  London. 

{Continued  from  p.  137.) 

January  28,  1885.— Prof.  T.  G.   Bonney,  D.Sc.,  LL.D.,  F.R.S., 

President,  in  the  Chair.     The  following  communications  were  read  : 

2.  "  On  the  Geology  of  the  Rio-Tinto  Mines,  with  some  general 
remarks  on  the  Pyritic  Region  of  the  Sierra  Morena."  By  J.  H. 
Collins,  Esq.,  F.G.S. 

After  briefly  describing  the  geographical  position  of  the  Rio-Tinto 
mines,  and  the  occurrence  at  the  same  of  pyritous  ores  amongst 
slates  and  schists  which  abut  against  gneissose  rocks  to  the  north, 
and  pass  under  Tertiary  beds  to  the  southward,  the  author  pro- 
ceeded to  consider  the  general  characters  and  associations  of  the 
pyrites-deposits,  and  then  gave  a  general  account  of  the  Rio-Tinto 
district  The  slates  were  described,  and  the  fossil  evidence  recapi- 
tulated upon  which  an  Upper  Devonian  age  had  been  assigned  to 
them.  Analyses  were  furnished  to  show  the  changes  due  to 
weathering  and  to  infiltration.  The  various  intrusive  rocks  (syenite, 
diabase,  and  porphyries)  occurring  in  the  schists  were  described,  and 
analyses  of  them  given.  The  sedimentary  iron-ores  and  their  com- 
position were  next  noticed,  and  the  author  ascribed  their  formation 
to  deposition  in  lakes. 

The  masses  of  pyrites  which  furnish  the  principal  ores  of  Rio 
Tinto  were  then  described,  their  mode  of  occurrence  in  fissures 
between  dissimilar  rocks  explained,  and  their  formation  discussed. 
The  different  kinds  of  ore  obtaineil  from  the  mines  were  noticed  in 
detail,  and  several  analyses  added,  giving  samples  both  of  the  mixed 
ores  and  of  the  pure  minerals. 

The  manganese-lodes  were  next  described,  and  shown  to  be 
parallel  to  the  pyrites-fissures,  and  frequently  to  be  only  branches  of 
the  latter. 

A  summary  of  the  author's  conclusions  as  to  the  stratigraphy  of 
the  district,  the  ore-depositSy  and  the  surface-geology  was  appended. 
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3.  **  On  some  new  or  imperfectly  known  Madreporaria  from  the 
Great  Oolite  of  the  Counties  of  Oxford,  Gloucester,  and  Somerset.*' 
By  R.  F.  Tomes,  Esq.,  F.G.S. 

The  main  object  of  the  present  paper,  which  is  supplementary  to 
one  already  published  in  the  Quarterly  Journal  (vol.  xxxix.  p.  168), 
was  to  describe  a  section  of  the  Great  Oolite  at  Milton,  in  Oxford- 
shire, another  at  the  Lime-kiln  quarry  near  Cirencester,  and  some 
outcrops  of  the  same  beds  in  the  neighbourhood  of  Bath,  on  Farley 
Down,  Combe  Down,  and  Hampton  Down,  the  localities  from  which 
so  many  of  the  types  of  corala  described  by  MM.  Milne-Edwards 
and  Haime  had  been  derived.  Lists  of  the  corals  obtained  from 
particular  beds  in  each  of  the  sections  mentioned  were  given,  and 
several  of  these  corals  were  described  as  new,  remarks  been  ap- 
pended as  to  a  few  previously  described  forms.  In  conclusion,  a  brief 
description  was  added  of  the  conditions  under  which  the  coralliferous 
deposits  in  the  neighbourhood  of  Bath  had  been  formed,  and  of  their 
probable  correlation  with  the  Great  Oolite  strata  of  Oxfordshire. 


II.— February  11, 1885.— Prof.  T.  G.  Bonney,  D.Sc,  LL.D.,  r.R.S., 
President,  in  the  chair.     The  following  communications  were  read  : 

1.  "  The  Tertiary  and  Older  Peridotites  of  Scotland."  By  John 
W.  Judd,  F.K.S.,  Sec.G.S. 

The  very  interesting  rocks  known  as  '*  peridotites  "  have  been 
regarded  by  many  petrographers  as  peculiar  to,  and,  indeed, 
characteristic  of,  the  older  geological  periods ;  but  in  the  Western 
Iiiles  of  Scotland  there  occur  a  number  of  rocks  of  this  class,  con- 
stituting portions  of  intrusive  masses,  which  the  author,  in  a  pre- 
vious paper,  has  shown  to  be  the  central  cores  of  Tertiary  volcanoes 
of  vast  dimensions. 

These  Tertiary  peridotites  are  most  intimately  associated  with  the 
gabbros  and  dolerites,  the  felspathic  and  non-felspathic  rocks  passing 
into  one  another  by  insensible  gradations,  and  the  rocks  of  either 
class  being  intersected  by  veins  of  the  other.  The  peridotites 
exhibit  the  same  varieties  of  microscopic  structure  as  the  associated 
gabbros  and  dolerites,  these  structures  being  described'  under  the 
names  of  **  granitic,"  "  ophitic,"  and  **  porphyro-granulitic." 

The  felspai-s,  which  are  rare  in  the  peridotites,  are  inteimediate  in 
composition  between  labradorite  and  anorthite ;  they  rarely,  however, 
exhibit  evidence  under  the  microscope  of  being  built  up  of  laminse 
belonging  to  diflferent  species.  The  study  of  the  lamellar  twinning, 
which  is  a  common,  but  by  no  means  universal  character  in  these 
felspar  crystals,  points  to  the  conclusion  that  it  has  been  induced  by 
pressure  or  strain,  like  the  similar  structure  in  rock-forming  calcite. 
The  pyroxenes  are  represented  by  many  varieties,  both  of  the  mono- 
clinic  forms  (augites)  and  the  rhombic  forms  (enstatites),  the  former 
being  by  far  the  most  abundant.  The  olivines  below  are,  for  the 
most  part,  highly  ferruginous  varieties.  The  spinellids,  magnetite, 
chromite,  and  picotite  occur  in  these  rocks,  as  do  also  titano-ferrite 
and  its  alteration-products.  Among  the  accessory  constituents  biotite 
is  the  most  abundant. 

It  was  shown  that  each  of  the  minerals  of  these  rocks  is  found  to 
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andergo  remarkable  changes  as  we  pass  from  the  superficial  to  the 
central  portions  of  these  iutrusive  rock-masses.  The  most  important 
of  these  changes  is  that  for  which  the  author  proposed  the  name 
**  schillerization."  It  consists  in  the  development  of  microscopic 
enclosures,  in  the  form  of  plates  and  rods,  along  certain  planes 
within  the  crystal,  giving  rise  to  metallic  reflections  or  a  play  of 
colour.  The  felspars,  pyroxenes,  and  olivines  are  all  found  to  be 
affected  in  this  way  when  they  have  formed  the  deepest  parts  of 
these  Tolcanic  cones.  In  this  way  common  augite  is  seen  at  gradu- 
ally increasing  depths,  passing  into  tlie  deep  brown  variety  known 
as  pseudo-hypersthene.  The  last- mentioned  substance  presents  a 
carious  **  mimicry  "  of  true  hypersthene  and  paulite,  which  is  the 
schillerized  form  of  a  ferriferaus  enstatite. 

The  Tertiary  peridotites  present  many  variations,  not  only  in  their 
structure,  but  also  in  their  mineralogical  constitution.  Among  them 
occur  examples  of  the  rocks  which  have  received  the  names  of 
d unite,  picrite,  and  Iherzolite,  with  some  curious  types  composed  of 
felspar  and  olivine. 

Among  the  older  peridotites  of  Scotland  a  new  and  very  interest- 
ing type  is  described  from  near  Loch  Scye  in  Caithness.  It  appears 
to  have  been  originally  a  mica- picrite,  but  the  whole  of  the  original 
minerals  have  been  converted  into  paramorphs,  firstly  by  schilleriza- 
tion  and  subsequently  by  amphibolization  and  serpentinization. 

In  conclusion,  it  was  pointed  out  that  the  discrimination  between 
the  effects  of  the  changes  described  as  schillerization  and  those 
known  as  uralitization,  amphibolization,  serpentinization,  and 
kaolinization  is  of  the  utmost  importance,  not  only  to  the  petro- 
grapher,  but  to  the  mineralogist. 

2.  "  Boulders  wedged  in  the  Falls  of  the  Cynfael,  Ffestiniog."  By 
T.  Mellard  Beade,  Esq. 

This  paper  briefly  described  certain  phenomena  of  stream -denu- 
dation observed  in  the  bed  of  the  Cynfael,  which  has  cut  a  deep, 
channel  through  the  Lingula  Flags,  the  course  of  the  channel  being 
mainly  dependent  on  the  jointing  of  the  rock.  In  one  spot  the 
upper  beds  at  the  top  of  the  gorge  have  slid  upon  the  lower  along 
their  dip,  about  10*^  to  north  by  east,  so  as  to  project  over  the  stream 
like  a  corbel ;  and  advantage  has  been  taken  of  this  to  form  a  bridge 
by  means  of  a  slab  of  rock  laid  from  the  projecting  mass  to  the  top 
of  the  opposite  bank.  At  another  point  several  very  large  boulders 
are  stuck  fast  in  the  channel,  and  the  stream  flows  beneath  them. 
The  boulders  could  not  possibly  have  been  carried  down  the  existing 
gorge,  and  they  had  not,  the  author  believed,  fallen  from  above.  He 
suggested  that  they  might  have  been  carried  down  by  the  aid  of  ice, 
probably  in  the  glacial  period,  when  the  stream  ran  in  a  wider 
channel,  and  that  they  have  been  polished  by  the  action  of  the  water. 

III. — Annual  General  Meeting,  February  20,  1885. — Prof. 
T.  G.  Bonney,  D.Sc.,  LL.D.,  F.R.S.,  President,  in  the  Chair. 

The  Secretaries  read  the  Reports  of  the  Council  and  of  the  Library 
and  Museum  Committee  for  the  year  1884.     The  Council's  Report 
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further  announced  the  awards  of  the  various  Medals  and  of  the 
proceeds  of  the  Donation  Funds  in  the  gift  of  the  Society. 

In  handing  the  Wollaston  Gold  Medal  to  Dr.  W.  T.  Blanford, 
F.E.S.,  for  transmission  to  Mr.  George  Busk,  F.R.S.,  F.G.S.,  the 
President  addressed  him  as  follows : — 

Dr.  Blanford, — The  Council  of  the  Greological  Society  has  awarded  to  Mr.  George 
Busk  the  Wollaston  Medal  in  recognition  of  the  value  ot  his  researclies  in  more  than 
one  branch  of  Palaeontology.  Polyzoa,  not  only  fossil  but  also  recent,  he  has  made 
peculiarly  his  own,  and  his  numerous  separate  papers,  his  British  Museum  Catalogue, 
and  his  memoir  on  the  Polyzoa  of  the  Crag,  have  entitled  him  to  the  lasting 
gratitude  of  workers  at  this  class  of  the  MuUuscoida.  But,  perhaps  as  a  relief  to 
the  study  of  these  minute  invertebrates,  he  has  occupied  himself,  not  less  successfully, 
with  the  larger  vertebrata,  so  that  to  him  we  are  indebted  for  much  information  on 
the  fauna  of  Post- Tertiary  deposits,  especially  from  the  caves  of  Malta  and  of 
Brixham.  Peimit  me,  in  handing  you  this  Medal  for  transmission  to  Mr.  Busk, 
to  express  my  pleasure  at  having  such  a  duty  to  discharge,  and  my  earnest  hope,  in 
which  I  am  sure  all  present  will  share,  that  restored  health  may  enable  lum  to 
continue  his  work  in  the  cause  of  our  science. 

Dr.  Blanford.  in  reply,  expressed  his  gratification  at  being  selected  as  the 
medium  for  transmitting  the  Wollaston  MeSal  to  Mr.  Busk,  whose  compulsory 
absence  he  nevertheless  greatly  regretted,  and  from  whom  he  read  the  following 
letter:— 

"  Dear  Mr.  President,— As,  much  to  my  regret  and  disappointment,  I  find  myself 
unable  to  attend  the  Annual  Meeting,  I  must  trespass  upon  your  kindness  to  express 
my  warmest  thanks  and  best  acknowledgments  for  the  honour  you  and  the  Council 
have  conferred  upon  me  in  the  award  of  the  oldest  of  the  Society's  Medals,  and 
whose  receipients  form  such  a  long  and  distinguished  roU,  to  which  any  one  may 
indeed  be  proud  to  see  his  name  added. 

*'  The  honour,  also,  in  my  eyes,  is  doubly  gratifying,  as  heing  the  second  testimonial 
of  the  same  kind,  and  showm^  the  favouraole  estimation  in  which  my  few  labours  have 
been  held  by  the  Geological  Society  of  London,  whose  continued  prosperity  and 
usefulness  wul  always  be  an  object  of  my  warmest  wishes. 

"  Believe  me,  yours  very  iincerely, 

"  32,  Harley  Street,  Feb.  19, 1885.  Oeorob  Busk." 

The  President  then  presented  the  Balance  of  the  Proceeds  of  the 
Wollaston  Donation  Fund  to  Dr.  Charles  Callaway,  F.G.S.,  and 
addressed  him  as  follows: — 

Dr.  Charles  Callaway, — The  Council  of  the  Geological  Society  has  awarded  to 
you  the  balance  of  the  proceeds  of  the  Wollaston  Donation  Fund,  in  recognition  of 
the  value  of  your  researches  among  the  older  British  rocks.  By  your  identification 
of  Upper  Cambrian  rocks  in  Shropshire  you  have  placed  beyond  oueetion  the 
antiquity  of  the  Rhyolitic  group  of  the  Wrekin,  our  knowledge  of  whicn  and  of  yet 
older  rocks  in  that  district  you  have  greatly  augmented.  Your  contributions  also  to 
the  geology  of  Anglesey  ana  to  unravelling  the  stratigraphy  of  the  Scoteh  Highlands 
have  been  of  great  value,  and  we  look  forward  to  the  results  of  further  researches, 
in  aid  of  which  I  have  great  pleasure  in  placing  in  your  hands  the  amount  of  the 
award.  That  you  receive  it  rrom  a  fellow-labourer  will,  1  hope,  make  it  not  the 
less  welcome. 

Dr.  Callaway,  in  reply,  said : — Mr.  President, —I  highly  value  the  honour  which 
the  Council  has  seen  tit  to  confer  upon  me,  and  I  shall  not  readily  forget  the  kind 
words  with  which  you  have  accompanied  the  award.  We  are  told  that  the  reward  of 
virtue  is  not  breaa ;  but  bread  is  a  sustainer  of  virtue ;  and  in  like  manner,  though 
geology  is  its  own  reward,  the  geologist  is  conscious  of  discouragement  if  the  appre- 
ciation of  his  fellow -workers  is  withheld.  I  therefore  reganl  this  award  as  an 
effective  stimulus  to  future  exertion.  It  is  a  great  pleasure  to  me  to  receive  it  at  the 
hands  of  one  who  has  so  often  been  a  kindly  helper  in  working  out  difficult  problems 
in  lithology. 

The  President  then  handed  the  Murchison  Medal  to  Dr.  Henry 

Digitized  by  VjOOQIC 


Geological  Society  of  London.  1 86 

Woodward,   F.R.S.,    for    tranamission    to    Dr.    Ferdinand   R6nier, 
F.M.G.S.,  of  Breslau,  and  addressed  him  as  follows: — 

Dr.  Woodward,— The  Council  has  awarded  to  Dr.  Ferdinand  Rdmer  the  Morchison 
Medal  and  a  sum  of  Ten  Guineas  from  the  Donation  Fund.  His  life-long  and  un- 
wearied labours  in  the  seryiee  of  our  science  have  long  since  made  his  name  familiar 
to  his  fellow -workers.  When  I  state  that  the  Royal  Society  Catalogue,  published 
now  more  than  eleven  years  since,  records  the  titles  of  122  separate  memoirs  written 
by  hire,  when  I  mention  his  other  important  works,  such  as  that  on  the  Chalk  For- 
mation of  Texas,  on  the  Silurian  Fauna  of  Tennessee,  on  the  Geology  of  Upper 
Silesia,  and  the  '^Lethtea  Geognostica,'*  I  have  said  enough  to  prove  that  tnis 
memorial  of  an  illustrious  geologist  could  not  well  have  been  bestowed  on  a  more 
illustrious  recipient.  In  transmitting  it  to  Dr.  Rdmer,  be  so  kind  as  to  express  our 
regret  that  the  distance  and  the  season  of  the  year  have  deprived  us  of  the  pleasure 
of  his  presence  on  this  occasion. 

Dr.  Woodward  expressed  his  pleasure  at  being  deputed  to  receive  this  Medal  for 
Dr.  Ferdinand  Romer,  from  whom  he  had  receiv^  the  following  letter : — 

**  Mr.  President, — I  am  deeply  sensible  of  the  honour  which  you  and  the  Council 
of  the  Geolo^cal  Society  hiave  conferred  upon  me  in  presenting  me  with  the 
Murchisou  Medal. 

«  I  very  much  r^ret  my  inability  to  be  present  in  order  to  receive  this  valuable 
mark  of  appreciation  from  your  hands,  and  to  express  personally  to  you  my  sincere 
thanks  for  this  high  mark  of  recognition  which  the  Society  has  bestowed  on  me. 

<*  It  is  particularly  gratifying  to  me  that  it  is  the  Murehiaon  Mtdal  which  you 
have  been  pleased  to  confer  upon  me,  because  the  greater  part  of  my  scientific  work 
has  been  directed  to  the  study  of  those  ancient  rocks,  the  natural  order  of  which  was 
first  recognized  by  the  comprehensive  genius  of  its  founder,  Sir  Roderick  Murchison. 

"  Feud.  Rombr." 

In  presenting  the  Balance  of  the  Proceeds  of  the  Murchison 
(Jeologicjil  Fund  to  Mr.  Horace  B.  Woodward,  F.G.S.,  the 
President  addressed  him  as  follows:  — 

Mr.  Horace  B.  Woodward,— The  balance  of  the  proceeds  of  the  Murchison 
Donation  Fund  has  been  awarded  to  you  in  recognition  of  the  good  service  which 
you  have  already  rendered  to  geology,  especially  by  your  work  among  the  later 
deposits  of  the  eastern  counties,  and  to  aid  vou  in  further  researches.  But  the 
excellent  papers  which  yoxi  have  written,  in  edition  to  the  work  done  by  you  as  a 
member  of  the  Geological  Survey,  do  not  constitute  your  only  claim  to  our  recog- 
nition. You  have  made  use  of  tne  opportunity  of  your  official  position  to  promote 
a  love  of  science  among  those  w^ho  live  in  our  eastern  counties,  and  we  are  indebted 
to  you  for  that  admirable  volume  •*  The  Geology  of  England  and  Wales,*'  which,  though 
in  one  sense  a  compilation,  is  such  a  one  as  only  a  skilled  geologist  could  produce. 

Mr.  Woodward,  in  reply,  said  : — Mr.  President, — I  am  highly  honoured  by  this 
award  of  the  Council  which  you  have  now  placed  in  my  hands  A  little  more  than 
twenty-one  years  ago  I  commenced  geological  life  in  the  service  of  this  Society,  as 
Assistant  in  the  library  and  Museum  at  Somerset  House ;  and  I  feel  much  indebted 
to  that  peYiod  for  acouaintance  with  many  geologists,  who,  for  the  sake  of  my  father, 
extended  the  hand  oi  friendship  to  me  ;  and  I  am  likevrise  indebted  to  the  duties  I 
had  then  to  perform  for  a  knowledge  (and  I  may  say  a  love)  of  books,  which  perhaps 
influenced  the  production  of  that  volume  about  which  you  have  spoken  so  kindly. 

While  labour  is  in  most  cases  its  own  reward,  it  is  a  great  satisfaction  and  a  great 
encouragement  to  be  told  that  one  s  work  is  useful  by  those  who  are  best  qualified 
to  judge. 

The  Prbsibiemt  next  presented  the  Lyell  Medal  to  Professor  H. 
G.  Seeley,  F.R.S.,  F.G.S.,  and  addressed  him  as  follows  :— 

Professor  Seeley,— The  Council  has  awarded  to  you  the  Lyell  Medal  and  a  grant 
of  £40  in  reception  of  your  investigations  into  the  anatomy  and  classification  of 
the  Fossil  Reptilia,  especially  the  Dinosauria.  Not  that  you  have  limited  yourself 
to  this  field  oi  researcn ;  your  papers  on  Emya  and  Psephnphorut^  on  Megnlot-nia  and 
Ifritish  Fossil  Cretaceous  Biros,  on  Zeughdon,  and  on  reniMins  of  Mammalia  from 
Stonesfield,  prove  your  extensive  knowledge  of  vertebrate  palesontology,  as  your 
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proficiency  in  invertebrate  is  evidenced  by  yonr  earlier  work,  botb  stratigrapbical  an  J 
directly  palffiontological.  Furthermore,  your  excellent  edition  of  the  first  volume  of 
Phillips's  "Manual  of  Geology"  indicates  an  exceptional  familiarity  with  the 
literature  of  our  science.  Since  our  acquaintance  first  began,  some  twenty  years 
since,  at  Cambridge,  we  have  both  had  our  disappointments  and  our  successes ;  you, 
undiscoura^ed  by  the  one,  undated  by  the  other,  have  pushed  on  to  your  preseut 
high  position  in  science,  making  no  enemies,  winning  many  friends.  I  trust  that 
your  future  career  may  be  even  more  prosperous  than  your  past,  and  that  this  Medal 
may  be  an  augury  of  many  good  gifts  of  fortune.  You  will,  I  know,  believe  me 
when  I  say  that  I  feel  an  exceptional  pleasure  in  being  commissioned  to  place  in  your 
hands  this  Medal,  commemorative  of  the  great  geologist  whose  philosophic  spirit  you 
so  well  appreciate,  and  whose  memoir,  I  know,  you  so  greatly  revere. 

Professor  Seblbt,  in  reply,  said :— Mr.  I*re8ident, — No  words  of  mine  could 
adequately  reflect  my  sense  of  the  kind  words  and  kind  feelings  to  which  you  have 
given  expression.  I  must,  however,  say  that  the  honour  of  this  award  is  one  for 
which  I  am  sincerely  grateful.  It  is  needless  now  to  say  anything  in  admiration  of 
LyeU,  but  J  may  give  utterance  to  a  sense  of  personal  ooli^tion  by  saying  that  he 
has  always  seemed  to  me  the  greatest  tei^cher  of  our  science.  In  receiving  the 
Medal,  however,  which  is  associated  with  his  name,  I  cannot  but  be  conscious  how 
far  short  what  1  have  done  has  fallen  of  my  efforts  and  aspirations,  and  that  more 
work  than  I  can  hope  to  do  should  have  been  before  you  in  justification.  With 
regard  to  the  new  edition  of  Phillips's  Greology,  I  would  say  that  that  work,  founded 
on  the  necessities  of  my  own  teaching,  was  undertaken  to  do  honour  to  the  memory 
of  my  old  friend.  Professor  John  Phillips ;  but  it  would  have  been  more  imperfectly 
done  without  the  important  help  which  I  found  in  your  own  writings.  I  shall  find 
in  this  award  a  stimulus  to  future  work,  which  I  hope  may  give  resiSts  more  worthy 
of  recognition  than  the  work  to  which  you  have  referred. 

The  President  then  handed  the  Balance  of  the  Proceeds  of  the 
LyeU  Geological  Fund  to  Mr.  J.  J.  H.  Teall,  F.G.S.,  for  transmission 
to  Mr.  A.  J.  Jukes-Browne,  F.G  S.,  and  addressed  him  as  follows : — 

Mr.  Teall, — The  balance  of  the  LyeU  Donation  Fund  has  been  awarded  to  Mr. 
A.  J.  Jukes-Browne  in  recognition  of  the  excellent  work  that  he  has  done  on  the 
Cretaceous  formation  and  on  Glacial  geology,  and  to  aid  him  in  further  researches. 
His  papers  on  the  Cambridge  Greensand  cleared  up  many  difficulties  connected  with 
that  interesting  formation ;  and  in  his  Segdwick  prixe  essay  on  the  Post-tertiary 
deposits  of  Cambridgeshire  he  commenced  those  investigations  which  have  since 
brought  us  more  than  one  valuable  contribution  on  glacial  and  later  deposits.  Yon 
can  tell  him  that  his  old  college  tutor  feels  a  little  pardonable  pride  and  much  real 
pleasure  in  being  the  instrument  of  placing  this  award  in  your  hands  for  transmission 
to  him. 

Mr.  Teall,  in  reply,  expressed  his  regret  that  Mr.  Jukes- Browne  was  prevented 
by  domestic  anxieties  from  being  present,  and  read  an  extract  from  a  letter  received 
irom  him.    In  this  Mr.  Jukes-Browne  said  :— 

*'That  my  labours  in  the  field  of  geology  should  have  been  thought  worthy  of  . 
such  jecognition  is  most  ^ratifying  and  encouraging,  and  I  am  especially  pleased  that 
the  award  should  come  from  the  Lyell  Donation  Fund ;  for  among  all  tne  departed 
ma*iters  of  our  science  there  is  no  one  for  whom  I  feel  greater  respect  than  for  Sir 
Charles  Lyell,  or  whose  mental  attitude  I  more  desire  to  imitate.  To  be  entered 
therefore  on  the  roll  of  those  who  are  deemed  worthy  of  receiving  the  award  instituted 
by  Sir  Charles  Lyell  will  always  be  a  source  of  extsreme  pleasure. 

«  I  need  hardly  assure  the  Council  and  Fellows  of  the  Society  that  such  strength 
and  powers  as  I  possess  will  be  spent  in  the  service  of  geological  science,  because 
that  must  be  so  as  long  as  I  am  connected  with  the  Geological  Survey ;  but  this 
mark  of  their  approbation  will  stimulate  me  in  the  performance  of  such  extra  official 
work  as  I  am  able  to  accomplish,  and  I  only  wish  that  my  health  would  allow  me  to 
do  more." 

In  presenting  the  Bigsby  Gold  Medal  to  Professor  Renard,  of 
Brussels,  the  Presfdekt  addressed  him  as  follows  : — 

Professor  Benard, — When  to  a  familiarity  with  geology  in  the  field  and  a  love  of 
nature  are  united  the  skill  of  a  finished  chemist  and  the  exparience  of  a  practised 


Digitized  by 


Google 


Qeohgical  Soclefy  of  London.  187 

irorker  with  the  microscope,  the  resolts  cannot  fail  to  he  of  the  utmost  importance  to 
our  science.  These  qualifications,  rarely  nni^  in  any  one  man,  are  in  yourself  com- 
hined  with  an  untiring  industry  and  a  love  of  science  for  its  own  sake.  Thus  we  are 
indebted  to  you  for  many  important  contributions  to  our  knowledge  in  geology. 
Your  early  memoir  **  Sur  lee  Koches  Plutoniennes  de  la  Belgique  et  de  I'Ardenne 
Fran9aise,'*  written  in  coni unction  with  M.  de  la  Valine  Poussin,  will  long  be  classic ; 
your  papers  on  various  subjects  connected  with  the  Carboniferous  Limestone,  on  the 
coticule,  the  phyllites,  and  other  altered  rocks  of  Belgium,  and  on  the  deep-sea 
depodts  are  too  well  known  to  need  moro  than  mention,  and  in  recognition  of 
these  the  Council  has  awarded  you  the  Bifsby  Medal. 

In  placing  it  in  your  hands  may  I  be  aUowed  to  express  for  myself  and  others  the 
hope  that  it  will  l>e  always  a  pleasant  souvtnir  of  your  many  friends  on  this  side  of 
the  Channel,  some  of  whom,  myself  included,  will  not  soon  lorget  the  pleasant  and, 
to  us,  most  profitable  <toy8  spent  under  your  guidance  in  geological  studies  by  the 
limestone  cli&  of  the  winding  Meuse  and  the  wooded  crags  of  the  Ardennes. 

Professor  Kbnaud,  in  reply,  said : — Mr.  President  and  Gentlemen,— In  rising  to 
express  my  thanks  to  you  I  laoour  under  a  great  disadvantage  ;  it  would  have  greatly 
conduced  to  my  comfort  to  speak  in  my  own  language,  but  the  magnitude  of  the 
honour  you  have  conferred  upon  me  makes  me  feel  that  I  must  at  all  events  attempt 
to  address  you  in  your  tongue. 

To  hold  the  Mwlal  whicn  you  have  awarded  to  me  is  no  common  distinction.  I 
cannot  but  feel  that  you  are  ratine  my  merits  more  highly  than  they  deserve. 
Though  not  an  English omn«  I  never  reel  myself  a  stranger  in  your  country.  I  have 
visited  it  so  often,  and  had  so  much  friendly  intercourse  with  your  scientific  men,  that 
I  am  not  altogether  without  misgiving  that  your  Council  may,  unconsciously  to 
themselves,  have  supplemented  my  deficiencies  as  a  geologist  by  their  pcisonal 
friendliness  towards  myself.  The  particular  line  of  study  to  which  I  have  devoted 
myself  is  essentially  English.  Your  countr3rman,  Sorby,  was  the  pioneer  of  micro- 
scopic litholo^,  and  I  have  only  followed  the  track  which  he  was  the  first  to  open  up. 

In  conclusion,  allow  me  to  say  that  though  sensible  of  my  own  deficiencies,  I  am 
confident  that  your  good  opinion  will  stimulate  me  to  fresh  exertions.  I  shall  pursue 
my  scientific  work  with  renewed  energy,  and  it  will  be  my  constant  endeayour  to  show 
yon  that  your  confidence  was  not  altogether  misplaced,  and  make  myself  in  the  future 
worthy  of  the  great  honour  you  have  conferred  upon  me. 

The  Pbesidbnt  then  read  his  Anniversary  Address,  in  which,  after 
giving  obituary  notices  of  some  of  the  Members  lost  by  the  Society 
during  the  year  1884,  he  referred  to  the  principal  contributions  to 
geological  knowledge  which  have  been  made  during  the  past  year, 
both  in  the  publications  of  the  Society  and  elsewhere  in  Britain, 
concluding  with  a  notice  of  the  new  views  which  have  been  adopted 
with  regard  to  the  structure  of  the  Western  Highlands,  and  a  brief 
history  of  the  steps  by  which  they  have  been  aiTived  at.  The  con- 
cluding portion  of  the  address  was  devoted  to  a  discussion  of  the 
principles  of  nomenclature  which  should  be  followed  in  petrology, 
with  remarks  on  the  classification  of  igneous  rocks,  and  on  the 
significance  of  certain  structures,  especially  the  more  minute. 

The  ballot  for  the  Council  and  Officers  was  taken,  and  the  following  duly  elected 
for  the  ensuing  year :— Ft estdant :  Prof.  T.  G.  Bonney,  D.Sc,  LL.D.,  F.R.S. 
V\c»'Pfe9iatnti:  W.  Camithers,  Esq.,  F.R.S;  John  Evans,  D.C.L.,  LL  D., 
F.R.S.  ;  J.  W.  Hulke,  Esq.,  F.R.S.  ;  and  J.  A.  PhUUps,  Esq.,  F.R.S. 
Secretaries :  W.  T.  Blanford,  LL.D.,  F.R.S.,  and  Prof.  J.  W.  Judd,  F.R.S. 
Foreign  Secretary :  "Warrington  W.  Smyth,  Esq.,  M.A.,  F.R.S.  Treanurer : 
Prof.  T.  Wiltshire,  M.A.,  F.L.S.  Council:  H.  Bauerman,  Esq.;  W.  T. 
Blanford,  LL.D.,  F.R.S. ;  Prof.  T.  G.  Bonney,  D.Sc,  LL.D.,  F.R.S.;  W. 
Carruthers,  Esq.,  F.R.S. ;  Prof.  W.  Boyd  Dawkins,  M.A.,  F.R.S. ;  John  Evans, 
D.C.L.,  LL.D.,  F.R.S.;  A.  Geikie,  LL.D.,  F.R.S.;  Henry  Hicks,  M.D.;  Rev. 
Ikiwin  Hill,  M.A. ;  G.  J.  Hinde,  Ph.D. ;  John  Hopkinson,  Esq. ;  W.  H.  Hudleston, 
Esq..  M.A.,  F.R.S. ;  J.  W.  Hulke,  Esq.,  F.R.S. ;  Prof.  T.  Rupert  Jone«,  F.R.S. ; 
Picof.  J.W.  Judd,F.R.S.;  J.E.Marr,E8q.,M.A.;  J. A. Phillips, Esq., F.R.S.;  Prof. 
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J.  Prestwich,  M.A.,  P.K.S  ;  Warrington  W.  Smyth,  Esq.,  M.A.,  F.R.S. ;  J.  J. 
H.  Teall,  Esq.,  M.A.;  W.  Topley,  Esq.;  Prof.  T.  Wiltshire,  M.A.,  F.L.S.;  Ear. 
H.  H.  Winwood,  M.A.;  Henry  Woodward,  LL.D.,  F.R.S. 

IV.— February  25,  1885.— Prof.  T.  G.  Bonney,  D.Sc.,  LL.D., 
F.K.S.,  President,  in  the  Chair.  The  following  communications 
were  read :  — 

1.  "  On  the  Dredged  Skull  of  Oeihos  mosehatua:'  By  Prof.  W. 
Boyd  Dawkins,  M.A.,  F.R.S.,  F.G.S. 

As  some  doubts  have  been  expressed  as  to  whether  a  skull  of 
Ooibos  moschattis,  described  by  the  author  in  a  previous  communica- 
tion to  the  Society  had  been  derived  from  the  Forest  bed,  he  first 
quoted  the  opinion  of  Mr.  Clen>ent  Reid,  that  that  specimen  really 
came  from  the  bed  in  question,  and  then  proceeded  to  describe  a 
secimd  imperfect  skull  of  the  same  animal  in  the  University  Museum 
of  Zoology  and  Comparative  Anatomy  at  Cambridge.  The  trace  of 
red  sandy  matrix  still  remaining  and  the  impregnation  with  iron 
peroxide  showed  that  this  also  had  been  derived  from  the  Forest 
bed,  whilst  the  presence  of  marine  Polyzoa  on  the  surface  and  in 
cracks  was  considered  to  prove  that  the  fragments  in  question  had 
lain  at  the  bottom  c^  the  sea,  and  the  sharpness  of  the  angles 
forbade  the  supposition  that  it  had  been  rolled  on  a  beach.  The 
writer  inferred  that  the  skull  had  been  dredged,  and  that  it  had  been 
originally  derived  from  cliffs  near  the  Dogger  Bank  before  the  coast- 
line had  been  out  back  to  its  present  position.  The  fragments 
consisted  of  the  coronal  and  frontal  portions  of  the  skull  with  the 
horncores  and  right  orbit.  It  seems  of  unusual  thickness,  and  the 
author  briefly  describes  its  leading  peculiarities  and  measurements. 

2.  "On  Fulgurite  from  Mont  Blanc."  By  Frank  Butiey,  Esq., 
F.G.S. 

The  specimens  described  in  this  paper  were  collected  by  Mr.  J. 
Ecoles  on  the  Dom  du  Goute,  about  14,000  feet  above  the  sea-leveL 
The  rock,  which  has  been  fused  by  lightning,  is  a  hornblendic 
gneiss.  The  fusion  in  the  specimens  examined  is  quite  superficial. 
The  hornblende  has  been  converted  into  a  dark,  and  the  felspar  into 
a  white,  glass,  which,  as  a  rule,  remain  distinct.  The  fulgurite  in 
some  cases  consists  of  small  spheres  of  glass,  n>ostly  of  dark  colour, 
which,  in  one  instance,  appear  to  have  been  spurted  over  the  surface 
of  the  rock  while  in  a  state  of  fusion.  The  fulgurite  glass  is  quite 
free  from  microliths,  and  shows  only  gas-bubbles  and  inclosures  of 
glass,  the  latter  usually  containing  nests  of  such  bubbles.  In  con- 
clusion, a  comparison  was  made  between  this  fulgurite  and  the 
Bouteillenstein  or  puseado-chrysolite  of  Bohemia,  which  is  now 
regarded  by  Makowsky  and  others  as  an  artificially  formed  glass. 

3.  "On  Brecciated  Porfido-rosso-antico."  By  Frank  Kutley, 
Esq.,  F.G.S. 

I'he  variety  of  tliis  well-known  hornblende-porphyrite  here  de- 
scribed shows  a  distinctly  brecciated  structure  when  examined  in 
thin  section  under  the  microscope.  The  fi'agments  sometimes  appear 
to  fit  together,  at  others  they  are  more  or  less  widely  seperated,  so 
that  the  section  at  first  sight  presents  almost  the  aspect  of  a  tuff. 
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Careful  examination  shows  that  this  brecciated  stnictnre  is  due  merely 
to  the  rook  having  been  erushed  and  the  fragments  connected  in  situ 
by  siliceous  infiltrations.  Delesse's  observations  upon  the  varieties 
of  the  rock  were  discussed.  A  few  additional  remarks  were  also 
made  upon  the  mineral  constitution  of  the  specimens  described. 

4.  "  Fossil  Chilostomatous  Bryozoa  from  Aldinga  and  the  River- 
Murray  Cliffs,  South  Australia."  By  Arthur  William  Waters,  Esq., 
F.G.S. 

The  73  fossils  described  in  the  present  paper  were  collected  by 
Professor  Ralph  Tate,  and,  with  a  few  exceptions,  are  from  Aldinga 
and  the  River-Murray  Cliffs,  Australia. 

This  collection  again  furnishes  interesting  cases  of  species  growing 
in  both  the  Eschara  and  the  Lepralia  form ;  but  the  chief  interest 
is  in  a  number  of  specimens  which  grow  in  a  ''cupulata'*  manner, 
thus  in  the  mode  of  growth  resembling  Luntditea.  Attention  was 
again  called  to  the  fact  that  though  the  shape  and  nature  of  the 
zooecial  avicularia  (onychocellaria)  are  characters  of  the  greatest 
Talue,  yet  their  presence  or  absence  cannot  be  made  a  specific  dis- 
tinction, as  there  are  a  large  number  of  cases  where  specimens  are 
found  with  none  or  only  a  few  such  aviculana,  whereas  on  other 
specimens  of  the  same  species,  collected  under  similar  circumstances, 
they  may  occur  abundantly  over  the  whole  colony,  or  in  parts  of  the 
colony,  in  large  numbers. 

In  the  "Challenger"  Report,  Mr.  Busk  refers  to  a  slender  process 
rising  from  the  middle  of  the  base  of  the  avicularian  mandible,  and 
names  it "  columella."  This  he  considers  only  occurs  in  one  division 
of  the  CelleporoB,  and  in  this  division  only  in  those  belonging  to  the 
southern  hemisphere.  This  was  shown  to  be  by  no  means  the  case, 
as  it  is  found  in  the  mandibles  of  CelleporcB  aardoniea  from  the 
Mediterranean,  in  two  other  common  Mediterranean  CelleporcB,  etc. 
In  many  species  there  is  a  denticle  in  this  position  rising  from  the 
calcareous  bar  which  divides  the  avicularium.  This  denticle  occurs 
in  various  genera  and  species,  and  may  often  be  found  a  useful 
specific  character  when  examining  fossils. 

Out  of  the  220  species  now  described  in  this  series  of  papers,  just 
about  one-half  are  now  known  living. 

The  species  noticed  in  this  paper  are  73  in  number,  referred  by 
the  author  to  the  genera  Cellaria,  Membranipora,  Micropora,  MonO" 
porella,  Sieganoporella,  Cribrilina,  Mucronella,  Microporella,  Lunulites, 
Forina^  Lepralia,  Smittiay  Schizoporella,  Mastigophora,  Eeiepora, 
Bhynehopora,  Cellepora,  Lekythopora  and  Selenaria,  Five  species 
are  desciibed  as  new,  namely,  MicroporeUa  pocilliformis,  Lepralia 
eonfinitaf  Cellepora  biradiaia,  Schizoporella  protensa,  and  Membrani" 
pora  temporaria. 
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FAULTS. 

Sir, — If  Professor  Blake  will  kindly  look  at  the  GiolooioaIj 
Maoazinb,  Vol.  III.,  p.  148  and  Plate  IX.  Fig.  9  (1866),  he  will  see 
A  notice  of  some  faults  in  Malta  that  do  not  penetrate  the  limestone 
lying  below  the  bed  in  which  they  occur.  These  faults  are  thus 
accounted  for — "  I  suppose  that  the  rock,  being  already  jointed,  was 
pressed  down  before  it  was  quite  hard  by  the  weight  of  the  super- 
incumbent strata,  and  the  pressure  on  each  fragment  being  propor- 
tional to  the  area  of  the  upper  surface,  those  fragments  which  had 
the  largest  upper  surface  in  proportion  to  their  bulk  were  more 
compressed  than  the  others,  thus  forming  faults.  The  broken  state 
of  many  of  the  fossils,  particularly  the  Echiniy  in  this  bed  is  a  proof 
that  it  has  undergone  considerable  compression.  I  may,  perhaps, 
here  mention  that  I  consider  that  all  cases  of  '  reversed  faults ' 
will  be  found  to  have  been  caused  by  lateral  pressure."  As  this 
was  written  nearly  twenty  years  ago,  I  hope  you  will  not  mind 
reproducing  it  P.  W.  Hutton. 

Chribtchu&ch,  N.Z. 


FULLER'S  EARTH. 

Sir, — I  shall  feel  obliged  if  you  will  give  notice  to  the  acoorn- 
panying  facts  connected  with  the  detergent  properties  of  the  fuller's 
earth, — 1  mean  with  regard  to  its  use  as  an  agent  in  clarifying  water, 
a  reference  to  which  appeared  in  the  Qbol.  Mao.  for  February  last. 
These  strike  me  as  being  the  more  curious,  because,  as  far  as  I  can 
learn,  they  are  but  little  known. 

In  the  fen  districts  of  Cambridgeshire  and  Lincoln,  where  the 
people  are  entirely  dependent  upon  the  discoloured  drainage  off  the 
peat  for  their  water  supply,  fuller's  earth,  brought  round  by  dealers, 
is  used  to  purify  the  water,  rendering  it  colourless  and  pleasant  to 
the  taste.  The  method  adopted  is  somewhat  after  the  old  fashion 
in  country  districts,  of  placing  perforated  trays  or  letches,  as  they 
were  called,  containing  wood  or  other  ashes,  over  vessels  put  to 
catch  the  rain.^ 

To  test  the  efficacy  of  fuller's  earth  as  a  filtering  medium,  I  have 
experimented  with  it  upon  the  mineral  water  of  Flitwick,  which 
is  the  colour  of  dark  sherry  and  so  powerfully  impr^nated  with 
iron '  as  to  act  upon  the  palate  as  alum,  with  the  result  that  it  was 
made  nearly  colourless  and  its  strength  reduced  by  one-half. 

Muddy  water  too,  if  filtered  through  it,  becomes  clear  and  free  of 
aediment     Springs  issuing  from  beneath  the  fuller's  earth  are  re* 

^  Dr.  ThoB.  Stevenson,  Guy's  Hospital,  has  kindly  written  to  say —  •  *  •  **fiiller*« 
earth  is  an  a^nt  which  I  conceive  would  be  very  useful  for  the  purpose,  it  is  a 
substance  which  would  clarify,  remoye  organic  matter  in  solution,  and  also  soften 
by  carrying  down  chalk. 

*  Professor  W.  White's  analysis  gives  144*00  gniins  per  gallon,  oxide  and  car 


bonate  of  iron,  **a  most  extraordinary  amount  and  far  exceeding  the  most  noted 
chnlybeate  springs  in  the  world."     £.  W.  Lewis,  upon  **  The  (iooloj 
and  Neighbourh<K>d.'' 


chnl^beate^  springs^  in  the  world."     £.  W.  Lewis,  upon  •*  The  (ioology  of  Leighton 

Digitized  by  VjOOQIC 


Obituary — John  Francis  Campbell^  RO.S.  191 

markably  limpid  and  free  from  earthy  impregnationB.  The  inter- 
stratification  in  the  rusty  brown  sands  of  the  whito  stone  (detailed 
sections  of  these  beds  will  be  given  in  Survey  Memoir  on  Sheet  46), 
on  which  the  fuller's  earth  rests,  may  be  due  to  the  bleaching 
properties  of  the  fuller's  earth  with  which  it  is  in  contact.  The 
Flit  wick  water  comes  off  peat  lying  in  a  valley  cut  down  through  the 
Greensands  to  the  underlying  Oxford.  There  is  an  enormous  quantity 
of  iron  in  the  water  (as  the  analysis  shows),  encrusting  everything 
over  which  it  flows,  and  a  tufeceous -looking  deposit  of  bog  iron  ore  is 
being  formed  of  some  extent  and  thickness.  A.  G.  Cameron, 

BiDFOBD.  H.  M.  Oeological  Survey. 


OBia?TJ^i&"3r. 


JOHN    FRANCIS  CAMPBELL,    F.G.S.,   &c., 

(lAIK  ILBACH),   of  I8LAT. 

John  Francis  Campbell,  of  Islay,  the  bearer  of  a  name  well  known 
among  geologists  some  years  ago,  was  born  in  Edinburgh  on  the 
29th  December,  1821.  He  had  high  family  connections  on  the  side 
of  both  parents — his  father  being  oousiu  to  the  present  Duke  of 
Argyll,  and  his  mother,  who  died  while  he  was  still  a  youth, 
being  the  Lady  Ellinor  Charteris,  daughter  of  Francis,  seventh 
Earl  of  Wemyss.  By  birth  he  was  heir  to  a  large  patrimonial 
estate.  This  inheritance  was,  however,  lost  to  him  through  adverse 
circumstances  shortly  after  he  came  of  age ;  and  the  magnanimous 
spirit  in  which  through  life  he  bore  this  reverse  of  fortune  gained 
him  the  abiding  esteem  of  the  large  circle  of  friends  whose  regard 
his  generosity  of  heart  and  many  attractive  qualities  must  in  any 
case  have  secured. 

When,  on  the  death  of  his  father,  who  several  years  before  had 
contracted  a  seoond  marriage,  he  found  himself  at  a  comparatively 
early  age  the  head  of  the  family,  he  did  everything  in  his  power 
to  promote  the  welfare  of  his  step-mother  and  her  children.  lu 
the  year  1855  he  joined  them  in  their  newly-adopted  home  at 
Niddry  Lodge,  Campden  Hill ;  and,  laying  aside  the  study  of  the 
law  which  he  had  for  some  years  previously  pursued,  he  foun<i 
CKXsupation  successively  as  Private  Secretary  to  bis  chief,  the  Duke 
of  Argyll ;  Secretary  to  the  Board  of  Health,  to  the  Mines  Com- 
mission, and  to  the  Lighthouse  Commission, — the  two  latter  employ- 
ments stimulating  him  in  those  studies  of  Greology  and  Solar  Physics 
which  engaged  his  attention  and  effort  even  in  the  last  years  of  his 
life.  During  the  years  1861-1880  inclusive  he  held  in  succession 
two  posts  in  the  Queen's  Household.  Having  withdrawn  from  the 
Court  at  the  latter  date,  he  afterwards  occupied  himself  till  the  close 
of  his  life  with  scientific  study,  travelling,  and  the  social  life  of  his 
home. 

His  many  journeys  in  former  vacations  had  taken  him  several 
times  into  Iceland  and  Scandinavia.  On  one  occasion  (1873-74) 
he  passed  from  Archangel  through  Eussia  to  the  Caucasus,  returning 
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by  Constantinople  and  Southern  Europe.  In  1874-75  he  made  a 
voyage  round  the  world,  during  which  he  visited  Japan,  China, 
Java,  and  Ceylon,  etc. ;  in  1876-7  he  spent  some  months  at  various 
stations  of  India,  and  witnessed  at  Delhi  the  ceremony  of  proclaiming 
the  Queen  Empress  ;  during  1878  to  1880  and  1881  he  visited  Syria 
and  Palestine,  and  twice  resided  in  Egypt  In  all  these  wandeiings 
his  instinctive  powers  as  a  practical  linguist  were  very  valuable  to 
him  ;  his  ready  skill  as  a  draughtsman  not  less  so. 

His  chief  published  works  are  :  "  Popular  Tales  of  the  West 
Highlands "  (in  four  vols.),  a  work  for  which  his  fluent  com- 
mand of  the  Scotch  Gaelic  and  his  enthusiastic  memories  of  his 
boyhood's  island  home  eminently  fitted  him  ;  **  Leabhar  na  Feinne,'* 
genuine  Texts  of  Gaelic  Folk-lore,  too  recondite  for  any  but  Celtic 
scholars ;  "  Frost  and  Fire,"  a  book  in  which  incidents  of  travel 
and  matters  of  scientific  observation,  geological  and  otherwise,  are 
mingled  in  an  original  fashion ;  "  My  Circular  Notes,"  an  enter- 
taining account  of  his  journey  round  the  world  ;  **  Something  from 
the  Gold-Diggings  of  Sutherland,"  specially  geological.  Among 
his  minor  writings  are  articles  on  **  Glaciation,"  read  before  the 
Geological  Society,  and  published  in  their  Quarterly  Journal.^ 

His  mind  was  acute,  ingenious,  and  indefatigably  active ;  but  he 
had  never  subjected  it  to  received  methods  of  scientific  training,  and 
he  was  more  disposed  towards  detecting  the  weak  point  in  the  argu- 
ments and  inferences  of  other  thinkers  than  willing  to  adopt  them. 
His  mental  stores,  whether  gleaned  in  the  field  of  Folk-lore  and 
Myth  or  in  that  of  experimental  Science,  were  original,  not  derived 
from  other  workers.  This  circumstance  gave  a  special  kind  of  in- 
terest to  his  observations  and  opinions,  even  where  the  listener 
might  not  accept  his  conclusions. 

His  invention  of  the  "heliometer,"'  an  instrument  in  use  at 
Greenwich,  and  which  was  mentioned  with  honour  by  Professor 
Balfour  Stewart  at  the  meeting  of  the  British  Association  in  1883, 
is  probably  the  only  distinction  that  will  survive  him.  But  he  was 
not  only  entirely  uninfluenced  by  any  desires  after  a  lucrative  result 
of  such  work  as  he  did,  but  comparatively  indifferent  even  to  the 
fame  which  it  might  have  brought  him.  He  loved  knowledge  for 
its  own  sake;  his  desire  was  for  "more  light"  His  best  praise 
will  dwell  in  the  hearts  of  his  many  friends ;  all  who  knew  what 
his  own  heart  was — those  who  have  shared  his  refined  and  genial 
hospitality,  or  benefited  by  his  ready  generosity,  counsel,  and  help — 
will  never  lose  their  warm  remembrance  of  his  truly  noble  spirit  and 
kindly  bearing,  and  will  apply  to  him  with  added  emphasis  the  well- 
known  lines-^ 

Who  broke  no  promise,  served  no  private  end. 
Who  knew  no  enemy,  and  lost  no  friend.' 

He  died  at  Cannes,  February  17th,  1885. 

1  Another  work  by  Mr.  Campbell,  **A  short  American  Tramp,"  contains  many 
valuable  observations  on  Climate  (see  Geol.  Mao.  1868,  Vol.  V.  p.  299). 
'  See  List  of  Instruments  set  forth  by  the  Meteorological  Society. 
'  Pope.    The  original  second  line  is, 

"  Who  served  no  patron,  etc" 
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I. — The  Inland  Sbas  and  Salt-Lakes  of  the  Qlaoial"Pkriod. 

By  T.  P.  Jamibson,  F.G.S. 

,T  N  certain  parts  of  the  world,  where  the  olimate  is  very  dry,  we 
X  find  examples  of  large  salt  lakes  ont  of  which  no  water  ever 
flows  towards  the  ocean.  These  lakes  are  fed  by  the  rains  and 
streams  of  the  surrounding  regions,  but  the  evaporation  from  the 
snrface  is  so  great  that  it  dries  up  the  water  as  fast  as  it  comes  in, 
so  that  the  lake  remains  stationary — the  influx  of  water  and  the 
amount  evaporated  just  balancing  one  another. 

The  Caspian  Sea  is  the  largest  example  of  this  nature ;  there  are 
also  the  Sea  of  Aral,  the  Balkash,  the  Dead  Sea,  and  many  others  of 
lesser  note. 

It  is  evident,  however,  that,  should  any  change  take  place  in  the 
climatic  condition  of  the  surrounding  regions,  these  lakes  would  be 
influenced  thereby. 

If  it  got  drier,  the  water  would  evaporate  faster  than  it  came  in, 
and  the  lake  would  diminish  in  size  until  an  equilibrium  was  again 
established,  or  it  might  even  be  dried  up  altogether  and  converted 
into  a  plain  of  salt,  as  has  been  the  case  with  many  small  lakes. 
On  the  other  hand,  if  the  climate  grew  wetter,  the  lake  would  rise 
in  level  and,  were  the  humidity  to  increase  enough,  would  go  on 
enlarging  until  the  water  filled  the  basin ;  it  would  then  send  out 
a  river  over  the  lowest  part  of  the  border,  and  be  converted  into  an 
ordinary  fresh- water  lake. 

In  these  salt  lakes,  therefore.  Nature  has  furnished  us  with  a 
delicate  means  of  detecting  the  secular  changes  that  take  place  in 
the  atmospheric  moisture  of  the  surrounding  regions,  and  if  properly 
studied,  they  ought  to  afford  us  considerable  help  in  dealing  with  the 
history  of  later  geological  times. 

A  good  many  years  ago  I  ventured  to  speculate  upon  the  influence 
which  the  Glacial  period  would  have  upon  these  lakes,  and  in 
a  paper  upon  a  kindred  topic  published  in  the  Quarterly  Journal  of 
the  Geological  Society  (1863,  vol.  xix.  p.  258),  I  expressed  myself 
as  follows : 

"  More  important  effects,  however,  than  these  must  have  followed 
from  the  refrigeration  of  the  climate  of  Central  Asia  during  the 
Glacial  period,  and  which  I  have  not  seen  noticed.  The  great  basin 
of  the  continental  streams,  larger  than  the  area  of  Europe,  is  re- 
markable for  its  inland  lakes  from  whence  no  streams  ever  reach 

DSCADB  in. — ^TOL.  II. — ^NO.   V.  13 


Digitized  by 


Google 


194      T.  F.  Jamieaon— Inland  Seas  of  the  Glacial  Period. 

the  ocean,  owing  to  thQ  great  heat  drying  np  the  water.  Now  this 
heat  and  dryness  being  much  lessened  during  the  Glacial  period, 
there  must  have  resulted  a  much  smaller  evaporation,  which  would 
no  longer  balance  the  inflow.  These  lakes,  therefore,  would  swell 
and  rise  in  level,  and  thus  the  Caspian,  the  Aral,  and  the  Balkash 
might  have  spread  until  they  became  more  or  less  connected  into 
a  wide  inland  sea,  discharging  its  surplus  into  the  Euxine  or  along 
that  depression  skirting  the  east  flank  of  the  Ural  noticed  by 
Humboldt  This  rise  of  the  Caspian,  damming  back  the  waters  of 
the  Volga  and  other  streams,  would  occasion  large  deposits  of 
alluvial  matter  over  the  surrounding  flat  regions,  and  account  for 
many  of  the  fresh-water  beds  that  occur  there.  The  other  great 
Asiatic  depression  to  the  north  of  the  Euenlun  Mountains  would 
likewise  be  filled  with  water,  and  it  is  somewhat  curious  to  find 
that  the  Chinese  have  a  tradition  that  Lake  Lhop  once  drained  into 
the  Hoang  Ho.  The  sandy  deserts  of  Central  Asia  are  probably 
the  dried-up  beds  of  these  inland  seas." 

Since  the  time  this  passage  was  written,  many  interesting  facta 
have  been  discovered  which  tend  to  support  the  opinion  I  have 
there  expressed.    Some  of  these  1  now  proceed  to  notice. 

The  Or  eat  Salt  Lake  Basin  of  North  America, 

In  the  western  dominions  of  the  United  States,  between  the  Sierra 
Nevada  and  the  Bocky  Mountains,  there  is  a  large  extent  of  territory 
with  a  very  dry  climatQ.  Much  of  the  surface  is  occupied  by  deserts, 
and  there  are  many  salt  lakes,  of  which  the  most  notable  is  the  Qtft^ 
Lake  in  the  country  of  the  Mormons. 

During  the  survey  of  this  region  by  the  geologists  of  the  United 
States  evidence  has  been  got  that  this  lake  had  formerly  attained  a 
much  greater  size,  and  must  have  been  a  sheet  of  water  as  large  as 
Lake  Huron.  The  old  shore-lines  can  still  be  traced  with  the 
greatest  distinctness  along  the  hill-sides  up  to  a  height  of  more  than 
900  feet  above  the  present  level  of  the  lake,  and  its  whole  extent  haa 
been  mapped  out  by  Mr.  Q.  E.  Qilbert,  one  of  the  chiefs  of  the 
Survey,  who  has  made  it  the  subject  of  special  study.  He  has  been 
able  to  detect  several  phases  in  its  history  and  has  given  it  the  name 
of  Lake  Bonneville.  It  appears  there  have  been  two  periods  of  high 
water  separated  by  an  intervening  dry  period  during  which  the  lake 
sank  even  below  its  present  level,  and  in  fact  disappeared  altogether. 
Mr.  Powell,  Director  of  the  Survey,  sums  up  the  history  as  follows : — 

"  First,  the  waters  were  low,  occupying,  as  Great  Salt  Lake  now 
does,  only  a  limited  portion  of  the  bottom  of  the  basin.  Then  they 
gradually  rose  and  spread,  forming  an  inland  sea  nearly  equalling 
Lake  Huron  in  extent,  with  a  maximum  depth  of  one  thousand  feet. 
Then  the  waters  fell  and  the  lake  not  merely  dwindled  in  size  but 
absolutely  disappeared,  leaving  a  plain  even  more  desolate  than  the 
Great  Salt  Lake  desert  to-day.  Then  they  again  rose,  surpassing 
even  their  former  height,  and  eventually  overflowed  the  basin  at  its 
northern  edge,  sending  a  tributary  stream  to  the  Columbia  Eiver. 
And,  last,  there  was  a  second  recession,  and  the  water  shrunk  away 
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— until  now  only  Great  Si^lt  Lake  and  two  smaller  lakes  remain. 
Translated  into  terms  of  climate,  these  changes  imply  that  there  were 
two  epochs  of  excessive  moisture — or  else  of  excessive  cold — sepa- 
rated  by  an  interval  of  superlative  dryness  and  preceded  by  a  climatic 
period  comparable  with  the  present  The  fii-st  epoch  of  humidity 
was  by  far  the  longer,  and  the  second,  which  caused  the  overflow  of 
the  waters,  the  more  intense ''  (Second  Annual  Report  of  the  U.S. 
Geological  Survey,  Washington,  1882,  p.  xvii). 

In  the  same  region  there  are  traces  of  another  large  lake,  which 
is  described  by  Mr.  Clarence  King  in  vol.  i.  of  his  work  on  the 
Geology  of  the  40th  Parallel.  He  calls  it  Lake  Lahoutan,  and  it  has 
been  made  the  subject  of  further  investigation  by  Mr.  1.  0.  Russell. 
The  progress  of  events  as  traced  out  by  these  geologists  harmonizes 
very  closely  with  what  has  been  found  by  Gilbert  in  regard  to  Lake 
Bonneville,  namely,  two  periods  of  high-water  separated  by  an 
interval  of  great  dryness.  Of  these  two  periods  of  humidity  the 
first  continued  longest,  but  the  second  produced  the  greatest  rise  of 
the  lake.  The  supposed  connection  of  these  events  with  the  Glacial 
epoch  is  thus  expressed  by  Mr.  King  :~ 

*'  The  Quaternary  lakes  of  the  Great  Basin  (L.  Bonneville  and  L. 
Lahontan)  are  of  extreme  importance  in  showing  one  thing — that 
the  two  Glacial  ages,  whatever  may  have  been  their  temperature 
conditions,  were  in  themselves  each  distinctly  an  age  of  moisture, 
and  that  the  Inter-Glacial  period  was  one  of  intense  dryness,  equal 
in  aridity  to  the  present  epoch."  "  We  are  warranted  in  assuming 
for  the  first  age  of  humidity  of  the  lake  an  enormously  long  con- 
tinuance as  compared  with  the  second.  The  first  long-continued 
period  of  humidity  is  probably  to  be  difectly  correlated  with  the 
earliest  and  greatest  glacier  period  and  the  second  period  of  humidity 
with  the  later  Reindeer  Glacier  Period"  (Geology  of  the  40th 
Parallel,  vol.  i.  p.  624). 

From  these  quotations  it  will  be  seen  that  the  American  geologists 
have  arrived  at  the  same  result  for  the  Great  Salt  Lake  Basin  as  I 
supposed  would  occur  in  the  Aralo-Oaspian  region,  namely,  a  great 
rise  of  the  waters  coincident  with  the  occurrence  of  a  Glacial  period. 

Gilbert  thinks  there  have  been  only  two  great  rises  of  the  lake 
waters:  "There  is  abundant  evidence,"  he  says,  "that  each  great 
rise  and  fall  recorded  by  the  shore-lines  of  Lake  Bonneville  was 
intemipted  by  intervals  of  reverse  motion,  the  rising  watei*s  occa- 
sionally hesitating  and  sinking  for  a  time,  and  the  falling  water 
occasionally  oscillating  upwards.  It  may  be  asserted  with  confidence, 
however,  that  the  history  includes  but  two  great  waves.  If  the 
water  had  many  times,  instead  of  twice  only,  risen  to  the  upper 
levels  of  its  range,  the  tell-tale  sediments  could  not  have  failed  to 
record  the  intervening  subsidences."  And  he  further  says  that  if 
the  student  "  correlates  the  second  humid  wave  with  the  Reindeer 
epoch  of  English  geologists,  he  will  be  surprised  to  find  that  in 
Utah  the  climate  was  more  severe  than  during  the  first  maximum, 
although  maintained  for  a  shorter  period  "  (Second  Annual  Report 
of  the  U.S.  Geol.  Survey,  p.  187). 
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The  Dead  Sea. 

In  1865  M.  Lartet  announced  that  he  had  found  evidence  which 
led  him  to  conclude  that  towards  the  end  of  the  Tertiary,  or  at  the 
commencement  of  the  Quaternary  period,  the  surface  of  the  Dead 
I  Sea  must  have  had  an  elevation  of  more  than  a  hundred  metres 
\  above  \t&  present  level,  and  that  it  had  deposited  up  to  that 
height  stratified  beds  of  marl  full  of  gypsum  and  salt,  showing 
that  the  lake  was  even  then  extremely  salt.  He  failed,  however, 
to  discover  any  vestige  of  organic  remains  in  these  marl  beds,  which 
extend  a  considerable  way  north  and  south  of  the  present  extremities 
of  the  lake.  Alluding  to  Hooker's  discovery  of  glacier  moraines  on 
the  Lebanon,  Lartet  infers  that  a  climate  which  clothed  these  moun- 
tains with  permanent  snow  and  ice  would  have  lessened  evaporation, 
and  led  to  an  increase  of  the  waters  of  the  Dead  Sea  and  other  inland 
lakes  of  Asia  somewhat  as  I  had  suggested.^ 

More  recently  Canon  Tristram  has  noticed  indications  which  lead 
I    him  to  believe  that  the  Dead  Sea  had  attained  a  much  higher  level 
\    than   that  mentioned  by  Lartet      Doubtless   it   must  have  gone 
through  many  phases  of  rise  and  fall,  but  its  history  will  require  to' 
be  more  fully  worked  out  before  we  can  arrive  at  satisfactory  con- 
clusions on  the  subject 

The  AralO'Cat^an  Basin. 

The  same  may  be  said  of  this  great  depression.  There  is  ample 
evidence  that  the  waters  here  had  formerly  a  much  wider  extension, 
but  the  exact  time,  or  times,  when  this  occurred — although  geologi- 
cally recent — has  yet  to  be  determined.  Dr.  S.  P.  Woodward,  in  his 
Manual  of  the  Mollusca,  says  the  Aralo-Gaspian  limestone  indicates 
the  former  presence  of  a  great  inland  sea — larger  than  the  Medi- 
terranean— at  a  time  previous  to  that  of  the  Mammoth  and  the 

I   Siberian  Ehinoceros.     This  steppe-limestone  rises  to  a  level  of  200 

I   or  300  feet  above  the  present  level  of  the  Caspian. 

The  fact  of  the  waters  of  the  Caspian  and  Aral  being  only  brackish, 
and  by  no  means  very  salt,  leads  me  to  think  that  the  basin  has  not 
been  a  close  one  for  a  very  long  period.  General  von  Helmersen 
found  well-preserved  specimens  of  two  kinds  of  shells,  viz.  Cardium 
edule  and  Dreissena  polymorpha,  in  the  sands  of  the  desert  of  Earakum, 
Both  these  species  still  live  in  the  Caspian.  And  Helmersen  expresses 
his  belief  that  the  entire  country  from  the  Aral  on  to  the  sandy 
deserts  of  Akkum  is  an  old  sea-bottom  (Quart  Journ.  Oeol.  Soc. 
1869,  vol.  XXV.  Memoirs,  p.  8). 

r      The  present  surface  of  the  Caspian  is  S^  feet  bebw  that  of  the 

I    Black  Sea,  and  according  to  Major  Wood  a  rise  of  229  f<5et  would 
cause  the  waters  of  the  Caspian  to  overflow  the  watershed  of  the 

^  Tobolsk,  a  tributary  of  the  Obi. 

'TAccording  to  the  same  authority,  a  rise  of  23  feet  in  the  waters  of 

f  the  Black  Sea  would  cause  it  to  overflow  into  the  Caspian  by  the 

I  line  of  the  Manytsch. 

>  Bulletin  of  the  Geol.  Soc.  of  France,  second  series,  vol.  22,  p.  426. 
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From  these  figures  it  appears  that  if  the  level  of  the  Caspian  were 
to  rise  (84  +  23)  107  feet,  its  waters  would  find  their  way  westward' 
into  the  Black  Sea,  and  if  the  outlet  in  that  direction  were  blocked 
so  as  to  permit  the  surface  of  the  Caspian  to  rise  220  feet,  the  waters 
would  escape  northward  into  the  Tobolsk  and  down  the  valley  of  the 
Obi  into  the  Ai*ctic  Ocean.  Now  the  Caspian  at  present  contains 
Seals,  Fishes,  Crustacea,  and  Mollusca,  some  of  which  are  either 
identical  with,  or  very  closely  resemble,  those  of  the  Arctic  Sea. 
.The  Seal  which  inhabits  its  waters  (Phoca  Caspiea)  is  so  like  the 
common  P.  vttulina  that  some  naturalists  consider  it  to  be  a  mere 
variety  of  that  species.  There  are  also  the  Beluga,  the  Sturgeon,  the 
Herring,  the  Sterlet,  and  the  Salmon,  some  of  which  are  species  that 
go  up  rivers  from  the  sea.  Among  the  Crustacea  is  Idothea  entoman, 
found  in  the  Kara  Sea,  near  the  mouth  of  the  Obi,  and  Myais  relicta, 
another  northern  species.  So  that  there  are  grounds  for  supposing 
that  some  communication  may  have  formerly  existed  by  way  of  the 
Obi  with  the  Arctic  Ocean.  No  doubt  the  waters  of  the  Aralo- 
Caspian  basin  have  undergone  many  changes  of  level.  Some  of 
the  mollusca  which  still  live  there,  such  as  the  Cardium  and  DreisBena, 
appear  to  be  descendants  of  species  found  in  the  Congerian  beds  of 
that  region,  which  go  back  to  Miocene  times. 

The  Pangong  Lake, 

All  the  inland  waters  and  salt  lakes  of  Persia  and  Central  Asia 
show  indications  of  a  former  greater  extension.  The  Pangong  Lake 
(lat.  33  J^,  long.  79^)  in  Ladak  may  be  here  quoted  as  an  interesting 
example.  It  is  one  of  the  highest-lying  lakes  in  the  world,  situate 
on  the  watershed  between  Cashmere  and  Tibet.  It  is  a  salt  lake, 
one  hundred  miles  long,  with  no  outlet.  Dr.  Henderson  found  old 
beaches  up  to  70  feet  above  the  present  surface  of  the  water,  con- 
taining spiculaa  of  sponges  and  freshwater  shells  of  the  genus 
LymruBa,  showing  that  the  lake  had  formerly  been  much  larger 
and  less  salt  There  is  also  evidence  that  a  large  stream  issued 
from  it  and  flowed  down  the  adjoining  valley  into  the  river  Shyock. 
Old  lacustrine  deposits  are  very  extensive  in  Ladak,  and  extend  up 
to  15,000  feet  above  the  sea.  Traces  of  ancient  glaciers  are  likewise 
seen  in  the  shape  of  enormous  terminal  moraines,  and  this  in  a 
locality  where  there  is  now  scarcely  any  snow.  (See  Dr.  Henderson's 
interesting  book,  "  From  Lahore  to  Yarkand,"  1873). 

This  association  of  lacustrine  beds  and  old  moraines  serves  to 
connect  the  phenomena  with  the  Glacial  period. 

The  Mediterranean  Basin, 
At  Gibraltar  indications  have  been  found  of  several  movements  of 
upheaval  and  depression  in  later  geological  times,  whilst  the  occur- 
rence of  fossil  remains  of  several  African  animals  in  the  caves  and 
rock  fissures  of  that  locality,  as  also  in  Spain,  has  led  to  the  belief  that 
a  land  communication  must  have  existed  between  Spain  and  the 
opposite  coast  of  Africa  during  some  part  of  the  Quaternary  period.^ 

'  See  Falconer  and  Busk,  Quart  Joom.  Geol.  Soc.  vol.  xxi.  p.  364 ;  also  Bamsay 
and  Geikie,  ib.  yoL  xxxi?.  p.  635,  and  the  papers  there  cited. 
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A  submarine  ridge  extends  across  from  Gape  Spartel  to  Gape 
QVafalgar,*  over  which  the  deepest  soundings  do  not  exceed  167 
fathoms.  Now  it  is  computed  that  the  amonnt  of  evaporation  over 
the  whole  drainage  area  of  the  Mediterranean  basin  is  fnlly  double 
that  of  the  precipitation — the  average  rainfall  being  abont  80  inches 
in  the  year,  while  the  evaporation  is  considered  to  exceed  60  inches ;  * 
I  so  that,  were  it  not  for  the  strong  current  which  sets  into  it  from  the 
^  Atlantic,  the  level  of  this  inland  sea  could  not  be  maintained  at  its 
present  height.  The  excess  of  evaporation  is  further  shown  by  the 
fact  that  the  waters  of  the  Mediterranean  are  Salter  than  those  of 
the  Atlantic 

If  therefore  the  oommunication  between  the  two  seas  were  cut  off 
by  a  barrier  of  dry  land  extending  across  the  Straits,  then  the 
Mediterranean  would  sink  gradually  in  level  until  an  equilibrium 
was  established  between  the  loss  and  the  supply. 

We  have  seen  that  in  the  history  of  the  salt  lakes  of  North 

America  the  two  periods  of  high- water  were  separated  by  one  of 

'       great  dryness,  during  which  the  ^Qtah  lake  was  dried  up  altogether  ; 

and  there  is  much  evidence  to  prove  that  in  Europe  the  Glacial 

period  was  broken  up   by  at  least  one  long  interval  of  warmer 

temperature,  during  which  the   Hippopotamus  and  other  African 

animals  found  their  way  north  as  far  as  England.     In  Germany 

also  they  have  recently  got  further  evidence  that  a  dry  climate 

I  supervened  in  Central  Europe  after  the  first  stage  of  the  Glacial 

'   period,  the  remains  of  several  'steppe'  animals  having  been  dis* 

.  covered  by  Dr.  Nehriug'  in  an  intermediate  part  of  the  drift  beds, 

;   while  many  of  the  Loess  deposits  have  been  shown  by  Richthofen 

,  to  be  accumulations  formed  by  dry  winds,  such  as  occur  only  under 

\  climatic  conditions  of  great  aridity.* 

Supposing,  then,  the  Atlantic  to  be  shut  out  by  the  conversion  of 
the  Straits  of  Gibraltar  into  dry  land,  and  the  climate  to  be  such  as 
to  induce  a  strong  evaporation  from  the  surface  of  the  Mediter- 
ranean, its  waters  would  of  necessity  sink  in  level,  and  it  would  be 
converted  into  a  chain  of  lakes.  The  submarine  ridge  which  exists 
between  Sicily  and  Tunis  would  be  laid  dry,  and  another  patb 
would  thus  be  opened  up  for  the  passage  of  the  African  animals 
into  Europe.  And  here  it  is  interesting  to  note  that  remains  of  the 
I  African  Elephant  have  been  found  in  the  caves  of  Sicily  along  with 
^  those  of  the  Hysana  and  Hippopotamus.  In  Malta  also  the  relics  of 
a  mammalian  fauna  are  got  which  can  be  accounted  for  only  on  the 
supposition  that  this  small  island  was  formerly  of  much  greater 
extent  and  connected  probably  with  the  mainland. 

Admiral  Spratt  says  the  abundance  of  the  remains  of  Hippo- 
potamus that  have  accumulated  in  the  oaves  of  Malta  lying  over 
the  bold  coast-line  of  that  island,  as  also  in  the  caverns  over  the 
north  shore  of  Sicily,  seems  to  point  to  the  necessary  existence  of 

»  Lyeirs  Principles,  lltb  ed.  vol.  i.  p.  497. 

2  Encycl.  Britannica,  9th  ed.  art.  '*  Mediterranean.*' 

'  See  Geological  Magazine  for  1879,  p.  176,  and  Ibid,  for  Feb.  1883,  p.  61. 

^  Credner,  £Iemente  der  Oeologie,  5tli  ea.  p.  272. 
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large  areas  of  land  and  fresh-water,  and  he  thought  the  whole  of  the 
evidenoe  pointed  to  a  ''fresh-water  or  perhaps  braokish  condition 
of  the  entire  Mediterranean  area  at  that  time,"  **  eepeoially  as  we 
find  these  ossiferous  caverns  mainly  upon  the  margin  of  its  steepest 
ooast-line."  * 

So  abundant  were  the  bones  and  teeth  of  Hippopotamus  in  the  / 
Sicilian  oaves  that  ship-loads  of  them  were  exported  for  commercial  < 
purposes,  and,  to  quote  the  words  of  Dr.   Falconer,  "Countless  ^W-*-^ 
Hippopotami  have  been  met  with  in    Sicily  —  literally  tens  ofj 
thousands  of  two  species  "  (Memoirs,  vol.  ii.  p.  552). 

Ko  one,  I  think,  can  read  the  description  which  Dr.  Leith  Adams 
gives  of  his  explorations  in  Malta  without  being  convinced  that  the 
aspect  of  this  island  must  have  been  widely  different  at  the  time 
when  it  was  a  haunt  of  Elephants,  Hippopotami,  and  fresh-water 
Turtles.  (See  his  book,  Notes  of  a  Natwalist  in  the  Nile  Valley  and 
Malta,lS70.) 

As  the  neighbourhood  of  Sicily  has  long  been  the  seat  of  volcanic 
disturbance  and  of  movements  of  the  ground,  it  is  quite  conceivable 
that,  apart  from  the  changes  going  on  at  Gibraltar,  a  land  com- 
munication might  have  been  established  between  Italy  and  Africa 
during  part  of  the  Quaternary  period,  for  submarine  ridges  at  no 
very  great  depth  stretch  across  that  part  of  the  Mediterranean.  This 
would  isolate  the  eastern  part  of  the  basin  and  allow  evaporation  to 
have  its  effect  there,  even  although  the  western  area  was  open  to  the 
Atlantic. 

The  drying  up  of  the  Mediterranean  would  have  the  effect  of 
uniting  most  of  the  islands  with  the  mainland,  and  thus  explain  how 
the  animals  and  plants  got  into  them.  In  what  other  way  can  we 
account  for  Foxes  being  found  in  Minorca;  Hares,  Martens,  Deer, 
Foxes,  etc.,  in  Corsica  and  Sardinia;  and  such  like  facts  ?  This  fall  in 
level  of  the  Mediterranean  would  cause  all  the  rivers  entering  it  to 
cut  deeply  through  their  old  deltas,  and  to  form  new  ones  at  a  much 
lower  level.  The  Black  Sea  would  also  be  lowered  and  converted 
into  a  freshwater  lake  drained  by  a  large  river  rushing  through  the 
Bosphorus  and  Dardanelles. 

Messrs.  Ramsay  and  Oeikie  in  their  paper  on  Qibraltar,  at  p.  538, 
speculate  on  what  would  be  **  the  influence  of  the  physical  conditions 
that  would  obtain  upon  a  general  elevation  of  the  Mediterranean 
area  for  1500  feet  or  thereabout,"  and  go  on  to  say,  "We  must 
remember  that  such  a  degree  of  elevation  would  convert  the  Mediter- 
ranean into  two  salt  lakes,  the  eastern  one  of  which  would  receive 
the  drainage  of  several  great  rivers,  while  the  western  basin  would 
be  supplied  by  no  river  larger  than  the  Rhone.'  In  this  latter  basin, 
therefore,  evaporation  being  much  greater  than  the  influx  of  fresh- 
water, the  level  of  the  inland  sea  would  be  gradually  lowered  and 
the  area  of  land  increased,  so  that  in  course  of  time  the  Western  lake 
might  be  reduced  to  very  moderate  proportions." 

Supposing  the  Western  lake  to  have  been  thus  the  lower  one, 
which  I  think  is  very  probable,  the  effect  would  have  been  to  cause 

^  Quart  Joom.  of  the  Geol.  Soo.  vol.  xxxiil  p.  291. 
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the  other  to  drain  into  it.  This  would  wash  the  salt  out  of  the 
Eastern  lake  and  freshen  its  waters — that  is  to  say,  if  it  had  an  over- 
flow. From  Admiral  Spratt's  chart,*  it  appears  there  is  a  deepish 
narrow  channel  across  the  submarine  ridges  between  Sicily  and 
Africa,  which  may  perhaps  indicate  the  course  of  the  river  that  flowed 
6ut  of  the  Eastern  lake.  But  as  the  evaporation  would  be  consider- 
ably stronger  in  the  eastern  area,  seeing  that  it  lies  farther  inland 
and  more  to  the  south,  possibly  no  overflow  would  take  place.  Not 
many  years  ago  it  was  often  stated  that  the  Sahara  desert  was  occu- 
pied by  the  sea  during  the  Quaternary  period.  Had  this  been  the 
case  it  would  of  course  have  tended  to  render  the  air  in  its  vicinity 
more  humid,  and  have  lessened  evaporation  over  the  adjoining  parts 
of  the  Mediterranean  ;  but  this  notion  of  a  late  submergence  of  the 
Sahara  has  not  been  sustained  by  more  recent  investigation,  and  it  is 
I  now  believed  to  have  been  dry  land.  Karl  Zittel,  in  his  "  Contribu- 
tions to  the  Geology  and  Palaeontology  of  the  Libyan  Desert" 
(Cassel,  1883),  says  that  during  the  Quaternary  period  (Diluvial 
Zeit)  the  Sahara,  as  well  as  a  portion  of  the  southern  and  eastern 
area  of  the  Mediterranean,  was  dry  land.'  The  desert  sand  results 
from  the  decomposition  of  the  sandstone  which  forms  the  prevailing 
rock  throughout  the  Central  and  Southern  Sahara,  and  its  distribu- 
tion and  heaping  up  into  dunes  have  been  effected  by  the  wind. 
Among  the  Quaternary  deposits  may  be  mentioned  beds  of  calcareous 
tufa  in  the  oasis  of  Chargeh,  containing  reeds  and  leaves  of  Quercus 
ileXy  a  tree  which  now  grows  in  Southern  France  and  Corsica. 

If  the  eastern  portion  of  the  Mediterranean — the  Levant — had 

been  isolated  by  the  elevation  of  a  ridge  of  dry  land  connecting 

Italy  with  Tunis,  and  the  evaporation  not  been  sufficient  to  keep 

down  the  water  in  that  basin,  then  it  would  have  risen  until  it 

escaped  over  the  low  ground  at  the  Isthmus  of  Suez  into  the  Red 

.  Sea.     But  I  am  not  aware  of  any  evidence,  geological  or  otherwise, 

^  to  show  whether  this  has  occurred  during  the  Quaternary  period. 

The   drying  up  of  the   Mediterranean   would   re-act   upon  the 

climate  of  Southern  and  Central  Europe  and  cause  it  to  be  drier,  so 

that  less  water  would  flow  from  thence  into  the  basin,  and  this 

would  tend  to  lower  the  inland  sea  still  more. 

Prof.  Boyd-Dawkins,  in  his  interesting  book  on  "  Cave  Hunting," 
speculates  on  a  former  elevation  of  the  Mediterranean  basin — 
greater  even  than  that  suggested  by  Ramsay  and  G^ikie — as  being 
necessary  to  account  for  certain  facts  he  mentions.  But  an  upheaval 
of  the  whole  area  of  this  large  sea  seems  too  violent  a  hypothesis, 
and  is  unnecessary.  All  we  want  is  to  shut  out  the  Atlantic,  and 
evaporation  will  then  do  the  rest  that  is  required  by  drying  up  the 
water. 

^  Quart.  Joiim.  GeoL  Soo.  vol.  xxiii.  p.  293. 

»  See  also  A.  Pomel,  Bull.  Geol.  Soc.  of  France,  for  4th  Feb.  1878,  3rd  ser.  vol. 
Ti  p.  223,  -and  M.  Tournouer,  t*.  p.  619. 

Ellon,  Abbbdebnshire. 
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II. — C(ft<TBIBUTI0M8     TO     THE     PiLiBONTOLOGY    OP    THB    TOB^HIEB 

Oolites. 
By  WiLPKiD    H.    HuDLESTON,    M.A.,    F.R.S.,   F.G.S. 

(Continaed  from  Decade  III.  Vol.  II.  p.  159.) 

(PLATE  V.) 

Order  Opisthobrakchiata,  Milne-Edwards. 

THE  species  beloDging  to  this  Order,  which  are  enumerated  below 
and  figured  in  the  accompanying  Plate,  occur  in  the  Lower 
Oolites  without  exception.  The  Oxfordian  beds  in  Yorkshire  have 
not  been  productive  in  fossils  of  this  kind  :  the  only  known  species— ' 
Aciaon  retmus,  Phil. — has  already  been  described  in  the  "  Corallian 
Gasteropoda"  (Gbol.  Mag.  1881,  p.  127,  PI.  IV.  Fig.  7).  llie 
TomatellidsB  are  the  best  represented,  and  especially  Actteonina,  but 
none  are  numerous,  and  really  good  specimens,  suitable  for  accurate 
description,  are  rare  indeed. 

Genus  Aot^onina,  D'Orbigny,  1850  =  OrihoBloma^  Deshayes. 

There  has  been  some  hesitation  on  the  part  of  authors  in  accepting 
D'Orbigny's  name  for  this  very  important  genus:  accordingly  we 
find  that  Orthostoma  was  adopted  by  Buvignier  and  also  by  De  Loriol 
in  his  earlier  works.  But  the  latter  author  in  1874  finally  accepted 
D'Orbigny's  generic  name.  Into  the  question  of  priority  it  is  hardly 
necessary  to  enter  here  :  it  is  sufficient  to  mention  that  Orthostoma  is 
inapplicable,  as  having  been  used  for  another  genus  at  an  earlier  date. 

The  genus  Actaonina  is  interesting  to  the  palaeontologist  as  perhaps 
the  oldest  member  of  the  Tornatellidffi,  dating  from  the  Carboniferous 
period.  It  is  best  represented  in  the  Jurassic  period,  but  failed  con- 
siderably during  the  Cretaceous.  Stoliczka  suggests  that  Auriculina, 
Gray,  dredged  in  63  fathoms,  may  be  the  modern  representative  of 
Aetacnina,  According  to  D'Orbigny,  the  maximum  development  of 
the  genus  was  attained  during  the  deposition  of  the  Lower  Lias. 
Tate  and  Blake  enumerate  six  species  of  Actaonina  from  the  York- 
shire Lias,  but  one  of  them  must  be  referred  to  another  genus. 
Actaonina  is  singularly  soaroe  in  the  Inferior  Oolite  of  Dorset- 
Somerset,  and  not  a  single  species  was  quoted  by  Mr.  Tawney  in  the 
"Dundry  Gasteropoda."  The  genus  is  better  represented  in  the 
Inferior  Oolite  of  the  Cotteswolds,  and  also  in  the  Lincolnshire 
Limestone. 

As  originally  constituted,  this  genus  was  made  to  comprehend  the 
so-called  "  Cones  "  of  the  Lias.  The  specimens  described  below  are 
all  more  or  less  turrited  and  would  come  within  the  following  defini- 
ti(m.  "  Shell  turrited,  or  ovate,  moderately  thick,  with  more  or  less 
elevated  spire,  inner  lip  flatly  thickened  at  the  edge,  not  plicated  or 
turrited,  aperture  evenly  rounded  in  front;  the  last  whorl  being 
always  anteriorly,  somewhat  suddenly  contracted.  The  surface  of 
many  Actaonina  appears  to  be  perfectly  smooth,  but  it  is  more  likely 
this  is  only  in  consequence  of  the  uppermost  punctated  layer  of  the 
shell  having  been  removed."  ^ 

^  Stoliczka,  Cretaceous  Gasteropoda  of  Southern  India,  p.  899. 


Digitized  by 


Google 


202  W.  H.  JSudleston-^On  the  Yorkshire  Oolites. 

85. — AoTAONiMA  HUMnuLUS,  Phillips,  1829.    Plate  V.  Figt.  1,  la,  3. 

1829  and  1835.  Aelaon  humtraUs,  Phillips,  6.Y.  p.  129,  pi.  xi.  fig.  34. 

1849.  Aetaaninm  hum»raU8,  D'Orb.  (Phil.),  Prod.  i.  p.  264,  £t.  Baj. 

1854.  Aetmon  humeralisy  Phil.,   Morr.  Cat.  p.  233. 

1875.  Aetaon  humtralis,  Phillips,  G.T.  3rd  ed.  p.  260,  pi.  xL  fig.  34. 

Compare  also 
1852.  Actaonma  Sarthaeentis,  D'Orb.  Terr.  Jurass.  toI.  ii.  p.  167,  pL 

286,  figs.  1  and  2. 

1876.  Aetmonina  ehrysalis^  Tate  and  Blake,  Yorkshire  lias,  p.  856,  pi. 

X.  fig.  23. 

Bibliography,   etc. — Phillips's    type    belonged  to  Bean,  and    is 
amongst  those  preserved  in  the  York  Museum. 

Descriptions, — Specimen  from  the  Dogger  (zone  1),  Peak  (Blue 
Wyke).    York  Museum.     Figs.  1,  la.     ?  the  type. 

Height     •     15|  millimetres. 

Width  in  proportion  to  height 48  :  100. 


Spiral  angle 66°. 

Length  of  hody- whorl  to  total  height 71  :  100. 

N.B. — The  specimen  is  a  trifle  compressed,  and  half-skinnod. 
Shell  ovate-oblong  and  composed  of  about  6  whorls.  Tlie  spire 
occupies  three-tenths  of  the  entire  height,  and  increases  with  toler- 
able regularity ;  suture  rather  ojblique.  The  whorls  of  the  spire  are 
flat  atop,  and  marked  on  the  shoulder  by  a  grooved  line,  which 
produces  two  steps,  or  a  double  tabulation  ;  sides  of  the  whorls  sub- 
compressed.  The  groove  on  the  shoulder  is  very  distinct  in  the 
body-whorl,  which  is  large  and  cylindrical,  and  in  its  present  con- 
dition smooth,  or  at  most  marked  with  indistinct  lines  of  growth. 
Faint  indications  of  spiral  ornament  may  be  noted  in  the  base. 

ITie  length  of  the  aperture  is  about  two-thirds  the  height  of  the 
shell.  It  is  narrow  behind,  wide  in  front:  outer  lip  straight  (Or- 
tho8toma)y  columella  smooth  and  slightly  encrusted,  but  without 
plications ;  termination  of  the  aperture  evenly  rounded.* 

Another  specimen, — From  the  same  horizon,  locality,  and  collec- 
tion.    Fig.  3. 

{Height 12  millimetres. 
Width  in  proportion  to  height 43  :  100. 
Spiral  angle    02''. 

Seven  whorls  may  be  counted,  and  probably  the  specimen  con- 
tained eight  The  spire  is  very  sharp  and  well  presei-ved,  and  the 
double  tabulation  produced  by  the  grooved  line  on  the  shoulder  of 
the  whorls  conspicuous.  A  fine  system  of  striato-punctate  lines  is 
visible  on  the  body- whorl,  and  these  are  rather  stronger  towards  the 
base,  especially  in  the  region  of  the  columella. 

Another  specimen, — Same  horizon  and  locality.  Leokenby  (Col- 
lection.    Not  figured. 

This  one  is  28  mm.  in  height,  being  nearly  twice  the  size  of  the 
specimen  first  described  (Fig.  1),  which  is  an  unusually  fine  one. 
l*here  are  no  indications  whatever  of  spiral  ornament :  indeed  the 
smaller  shells  usually  show  the  fine  spiral  lines  better  than  the 

1  It  might  seem  superfluous  to  enumerate  some  of  these  points,  which  are 
characters  of  the  genus ;  hut  since  this  species  is  still  quoted  as  an  Aetaon  in  the 
last  edition  of  the  Geology  of  Yorkshire,  a  full  descriptioa  is  the  more  necessary. 
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larger  ones.  The  shortest  specimen  in  the  Leokenby  CoUeotion 
measures  about  7  mm. 

Belatians  and  DiatribuUan. — This  is  probably  the  most  abundant 
representative  of  the  Tomatellidsd  in  the  Yorkshire  Dogger,  though 
far  from  being  common.  As  we  have  seen,  it  varies  greatly  in  size. 
The  question  of  spiral  striation  is  in  a  great  measure  a  question  of 
conditions  of  preservation.  The  larger  the  specimen  the  less  likely 
it  is  to  exhibit  this  feature.  A  very  fine  and  close  system  of  spiral 
striation  may  therefore  be  regarded  as  one  of  the  characters  of  Act, 
humeralis,  serving  together  with  other  peculiarities  to  connect  it 
with  AeL  Sarthacensis,  which  is  probably  a  representative,  rather 
than  an  identical  species,  possessed  of  a  smaller  habit  of  growth. 

I  am  inclined  to  think  that  Act  chrysalis  is  even  more  closely 
related.  Tate  and  Blake's  species  is  described  as  follows :  <*  Shell 
oblong-ovate,  whorls  5,  subconvez,  depressed  at  the  suture,  with 
a  single  impressed  line  on  the  shoulder  of  the  whorl,  marked  with 
transverse  plications  and  fine  strisd."'  The  single  impressed  line  at 
the  shoulder  produces,  it  is  believed,  the  kind  of  double  tabulation 
BO  characteristic  of  Act,  humeralia. 

Two  examples  of  Act,  chrysalis  are  recorded  by  Tate  and  Blake 
from  the  Spinatus-zone  of  Eston  and  Upleatham. 

86. — AoT^ONiNA,  sp.     Plate  V.  Fig.  2. 
Description, — Specimen  from  the  Dogger  (zone  1),  Peak  (Blue 
Wyke).    Bean  Collection,  British  Museum. 

^pp~"-M°;^%e-::::::::::::::::::  J^"^""'*^- 

Shell  oval  and  composed  of  about  6  whorls.  Spire  regular,  apex 
moderately  acute.  Whorls  smooth,  tumid,  and  sloping  in  the  direc- 
tion of  the  mean  spiral  angle,  with  no  trace  of  tabulation  on  the 
whorls  of  the  spire :  suture  conspicuous.  Body-whorl  large,  ovate, 
and  marked  by  broad  lines  of  growth,  which  are  nearly  straight. 
Other  indications  wanting. 

This  form  is  distinguished  from  Act,  humeralis  by  its  wider  spiral 
angle,  by  the  tumid  and  non-tabulate  character  of  the  whorls,  and  by 
its  freedom,  even  in  a  well-preserved  specimen,  of  any  trace  of 
spiral  ornamentation,  and  by  the  broad  lines  of  growth. 

The  specimen  is  the  only  one  of  the  kind  from  the  Dogger  ever 
seen  by  me.  As  a  temporary  name,  it  might  be  distinguished  under 
the  title  of  Actaonina  tumescens, 

87. — AoTJBONiNA  GiQANTBA,  Dcslongchamps,  1842  (obtuse  variety). 

Not  figured. 
1S42.     Tomatella  gigantiOy  Deslongchampfi,  M^m.  Soc.  limL  Norm.  vii.  p.  137, 

^.  10,  fgs.  27  and  2d. 
1850.    Act<eonina  giganteayUeA,  Morris  and  Lycett,  Gt.  Ool.  Moll.  p.  119,  pi.  x?. 

fig.  13. 
1852.    Aetaotiina  Detlongehampsii^  D'Orbigny,  Terr.  Jur.  ii.  p.  171,  pi.  286,  fig.  11. 
1875.    AetaonifM  ffiganUa,  Deal.  Phillips  G.  T.  3rd  ed.  p.  260. 

The  specimen,  originally  described  and  figured  by  Deslongchamps, 
was  from  the  Great  Oolite  of  Ranville,  where  D'Orbigny  says  it  is 
always  found  as  a  cast    He  objected  to  Deslongchamps'  name  on  the 
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^oond  that  it  had  already  beien  given  by  Sowerby  to  ainother  species; 
This  objeotion  is  not  regarded  as  valid. 

Phillips,  in  his  last  edition,  says  thifit  Act.  gigantea  occurs  in  the 
G.  O.  (?  Grey  Oolite)  of  the  White  Nab :  i.e.  on  the  horizon  of  the 
Scarborough  Limestone.  The  only  specimen  ever  seen  by  me  is 
the  one  in  the  Bean  Collection  at  the  British  Museum ;  this  is  a 
cast,  and  probably  comes  from  the  Millepore  Rock  of  Sycarham  just 
round  the  north  point  of  Cioughton  Wyke.  I  believe  it  to  be  the 
same  specimen  as  the  one  figured  by  Morris  and  Lycett.  It  has  a 
wider  spiral  angle  than  D*Orbigny  allows,  and  may  be  regarded  as 
an  obtuse  variety,  approaching  certain  forms  of  Act,  Scarburgensis. 
Indeed,  except  in  being  longer,  the  Millepore  specimen  referred  to 
Act.  gigantea  is  scarcely  to  be  distinguished  from  the  variety  of  Act. 
Scarburgensis  figured  herewith  (Fig.  9).  In  the  Millepore  specimen 
the  aperture  is  proportionally  shorter.  It  was  evidently  a  shell  with 
a  very  thin  test,  hence  its  occurrence  for  the  most  part  as  a  cast 

Stated  to  occur  in  the  upper  beds  of  the  I.O.  at  Minchinhampton. 

88. — AoT^oNiMA  SoABBURGBNSis,  Lyoctt,  1863.    Plate  V.  Figs. 

9,  9a. 
1863.    Aetaonina  SearburgentU,  Lye.  Supp.  6t.  Ool.  Moll.  p.  28,  pi.  xxxiii.  fig.  13. 
1875.    Aetaonina  SearburgentiM,  Lye.  Ptullips,  O.T.  3rd  ed.  p.  260. 

Bibliography y  etc. — The  author  describes  his  species  as  ventricose, 
being  shorter  and  more  tumid  than  AcL  couvoluta.  Lye.  Length  14 
lines ;  diameter  of  last  volution  10  lines.  The  test,  which  is  thin, 
is  partially  preserved :  it  has  a  corneous  aspect.  From  a  single 
specimen  in  the  Leckenby  (Collection. 

Descriptions,  A. — Elonoate  variety.  Specimen  from  the  Corn- 
brash  (zone  4),  Scarborough.  My  collection.  Almost  in  the  condition 
of  a  cast     Figs.  9,  9a. 

Height 85  millimetres. 

Proportioii  of  width  to  entire  height    61  :  100. 

Spiral  angle , 70°. 

Height  ol  hodj-whorl  to  entire  shell    70  :  100. 

Shell  oval,  smooth,  and  composed  of  6  or  7  whorls,  with  a  spire 
about  three-tenths  the  entire  height;  suture  slightly  sunk.  The 
whorls  are  rounded  at  the  shoulder,  sub-compressed  at  the  sides. 
Body-whorl  large  and  moderately  ventricose,  but  with  flat  sides. 
The  aperture  is  thoroughly  characteristic  of  Actceonina.  There  is 
probably  some  indication  of  a  slight  umbilical  slit 

A  portion  of  the  shell  towards  the  base  is  preserved,  being  rather 
less  than  ^  mm.  in  thickness,  and  portions  of  the  inner  layer  of  the 
shell  of  extreme  tenuity  adhere  to  the  oast  and  retain  the  impression 
of  the  lines  of  growth. 

Another  specimen,  B. — Ventricose  vakiett.  Same  horizon  and 
locality.     Leckenby  Collection.     Not  figured. 

This  resembles  Lyoett*s  type  (which  is  also  in  the  same  collection), 
but  it  has  a  more  perfect  spire,  though  less  shell  on  the  body- whorl. 
The  spiral  angle  is  nearly  80^.  In  the  spire  alone  7  whorls  are  pre- 
served, and  exhibit  the  channelling  of  the  suture  very  distinctly. 
The  body-whorl  is  relatively  shorter  and  stouter  than  in  the  speci- 


Digitized  by 


Google 


IT.  H.  Hudleaton—On  the  Yorkshire  OoUtes.  205 

men  figured  (Fig.  9).     But  the  smooth  and  fiowing  outline  there 
shown  is  even  more  conspicuous. 

Bela lions  and  Distribution, — I  must  confess  to  a  strong  suspicion 
that  Art,  Senrhurgensis  is  closely  related  to  Act,  Qiganlea,  of  whicli  it 
may  be  regarded  as  a  ventricose  variety  more  or  less  pronounced* 
There  appears  to  me  to  be  no  specific  or  even  varietal  distinction 
between  the  Millepore  specimen  and  variety  A  of  the  Scarborough 
fossils.  Hence  whatever  same  we  give,  them,  they  must  be  regarded 
as  the  same  species;  This  serves  to  show  how  difiicult  it  is  to  con- 
struct a  Table  of  Fbssils  Which  shall  faithfully  represent  all  the  facts 
of  the  case.  On  the  whole,  setting  names  altogether  on  one  side, 
this  would  seem  to  be  a  "  demoid "  group,  which,  except  in  the 
matter  of  size  and  of  relative  stoutness,  may  be  regarded  as  repre- 
sented in  many  districts  and  in  more  than  one  horizon. 

89. — AcT^oNiNA  TUMiDULA,  Morris  and  Lycett,  1860.    PL  V.  Fig.  7. 
1850.    Aelaonina  tumidula,  Morris  and  Lycett,  Gt.  Ool.  Moll.  p.  120,  pi.  xv.  fig.  14. 

Compare — 
^etaonina  Davoustana,  B'Orbig^y,  Terr.  Jurass.  ii.  p.  169,  pi.  286,  flg.  6-6.  Et.  Baj. 

Description. — Specimen  from  the  Scarborough  Limestone  (zone  3), 
White  Nab.     Bean  Collection,  British  Museum.  Type  kefigured. 
Spiral  angle     P  100°. 

The  specimen  is,  it  seems  to.  me,  in  the  condition  of  a  cast  peculiar 
to  the  Grey  Oolite  of  this  locality.  The  following  is  the  author's 
description — '*  Shell  small,  spire  depressed,  volutions  very  narrow, 
rounded,  their  sutures  deeply  depressed :  the  last  whorl  gibbous, 
aperture  an  elongated  ovaL     This  species  is  shorter  than  any  other 

with  which  we  are  acquainted Length  4^  lines,  transverse 

diameter  3|  lines.** 

Relations  and  Distribution.  —  This  species  was  founded  on  an 
nnique  specimen,  almost,  if  not  altogether,  in  the  condition  of  a  cast. 
However,  when  the  test  is  extremely  thin,  as  in  this  case,  the  cast 
gives  the  general  outline  with  considerable  fidelity.  The  tumid  and 
ventricose  character  of  the  body- whorl  seems  to  connect  it  with 
var.  B  of  Act.  Scarburgensis,  but  the  spire  is  altogether  more 
Btumpy,  and  the  spiral  angle  consequently  wider ;  if,  indeed,  these 
indications  can  be  relied  upon  in  a  fossil  presenting  such  conditions 
of  preservation. 

I  have  not  seen  another  specimen  in  any  of  the  collections. 
D'Orbigny's  species,  to  which  reference  is  made,  is  even  more 
ventricose,  having  a  spiral  angle  of  115°. 

90.— ?  AcTJiONiNA  GLABBA,  Phillips,  1829.     Plate  V.  Figs.  6,  fia. 

1829,  1836.    Aclaon  glaber  (Bean  MS),  Phillips,  G.Y.  p.  124,  pi  ix.  fig.  3. 

1849.  MitBonina  glabra,  D'Orb.  (Phil.;,  Prod.  i.  p.  264,  Et.  Baj. 

1860.  Actaonina  glabra,  Phil.,  Morr.  and  Lycett,  Gt.  Ool.  Moll.  p.  120, 

pi.  XV.  fig.  10. 
1876.  Mtaonina  glabra,  Phillips,  G.Y.  3rd  edition,  p.  260,  pi.  ix.  fig.  31. 

Bibliography,  etc* — The  type  of  AcUeon  glaber,  Bean,  has  never 
been  seen  by  me,  but  the  shell  now  figured  belongs  to  the  Bean 
Collection  and  is  so  described.    I  have  sometimes  fancied  that  these 
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Bhells  should  be  grouped  under  OyUndrites,  but  have  never  been  able 
to  satisfy  myself  of  the  plication  of  the  oolumella,  though  the 
anterior  portion  of  the  aperture  has  a  general  resemblanoe  to  Morris 
and  Lycett's  genus.  Specimens,  even  the  best,  are  in  such  a  oondi« 
tion  that  a  peifectly  accurate  diagnosis  is  almost  impossible. 

DeseripUan.  —  Specimen  from  the  Millepore  Bock  (zone  2), 
Gloughton.    Bean  Collection.    British  Museum. 

S  Height    16  miUimHrM. 
Proportion  of  width  to  height 42 :  100. 
SpiS^angle 80°. 
Body-whorl  to  total  height  90:  100. 

Shell  cylindro-conical,  withayery  short  spire.  The  whorls  of  the 
spire,  about  8  in  number,  are  subtumid,  with  a  slope  in  the  direction 
cf  the  spiral  angle,  suture  distinct  The  body- whorl  is  very  long, 
and  large  relatively  to  the  spire :  the  shoulder  is  broad  and  nearly 
square  close  to  the  suture,  then  droops  towards  the  long  compressed 
sides ;  it  is  very  slightly  tapered  off  anteriorly.  Shell  very  smooth 
in  its  present  condition. 

The  aperture  is  extremely  long  and  very  narrow  in  the  upper  half, 
but  expands  anteriorly  owing  to  the  hollowing  out  of  the  colnraellar 
region.  The  columellar  lip  is  thickened  and  drawn  out  obliquely. 
No  actual  plication  can  be  seen,  owing  to  the  imperfection  of  this 
portion  of  the  specimen. 

Belations  and  Distribution, — There  is  too  much  uncertainty  about 
these  ill-preserved  specimens  for  any  serious  attempt  at  correlation. 
This  species  has  been  found  sparingly  in  the  Millepore  Eock,  and 
probably  in  the  Scarborough  Limestone,  and  I  have  seen  one  specimen 
from  the  Dogger.    The  specimen  figured  is  above  an  average  size. 

91. — AoTJBONiNA  oiNBRKA,  sp.n.    PL  V.  Figs.  8,  8a. 

JDescription, — Specimen  from  the  Scarborough  Limestone  (zone  8), 
Cloughton.    Leckenby  Collection. 

Height •     264  millimetres. 

Proportion  of  width  to  total  height    61 :  100. 

Spiral  angle 90**. 

Body- whorl  to  total  height 80  :  100. 

Shell  cylindro-conical,  with  a  regular  spire  about  one*fifth  the  total 
height.  The  angle  of  increase  of  the  spire  is  exactly  a  right  angle. 
Whorls  of  the  spire  probably  6,  short,  subtumid,  and  devoid  of 
ornament ;  suture  distinct  Shoulder  of  the  body-whorl  extremely 
broad  and  square.  Body-whorl  relatively  large  and  cylindrical; 
sides  compressed,  and  almost  constricted  just  below  the  shoulder,  but 
presenting  on  the  whole  a  nearly  straight  outline. 

Shell  substance  moderately  thin,  without  ornament,  but  marked  by 
rugose  and  slightly  curved  lines  of  growth,  which  also  leave  their 
impression  on  the  internal  cast,  a  portion  of  which  is  visible  in  the 
specimen.  The  aperture  is  partly  involved  in  matrix,  but  is  evidently 
long,  and  extremely  narrow  in  the  posterior  two-thirds,  the  outer  lip 
being  very  straight ;  anterior  portion  of  the  aperture  somewhat 
restricted,  with  a  short  columella,  which  exhibits  no  signs  of  plication 
(unless  these  have  been  effaced  in  developing  the  specimen) :  termi- 
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nation  of  the  aperture  apparently  round  and  even,  bat  this  portion 
baa  been  out  out  of  the  matrix. 

Bdatians  and  Diairihution. — Induced  probably  by  the  character  of 
the  aperture  in  Phillips'  figure,  Mr.  Leckenby  referred  this  species 
to  ''  Aciaon  glaher"  erroneously  as  I  cannot  help  thinking.  No  doubt 
•the  oylindro-oonical  outline  of  the  shell,  the  tabulation  of  the  body- 
whorl,  and  the  flatness  of  its  sides,  are  strong  points  of  resemblance ; 
but  the  proportions  are  different,  to  say  nothing  of  other  features, 
which  a  bad  state  of  preservation,  especially  with  regard  to  the 
termination  of  the  aperture,  renders  somewhat  difficult  to  describe. 

Three  specimens  are  known  to  me  from  the  Scarborough  Lime« 
stone,  and  there  is  a  very  stout  variety,  apparently  belonging  to  this 
species,  in  Mr.  Leckenby's  Gornbrash  collection.  The  rectangular 
outline  of  the  whorls  and  stumpy  spire  serve  to  separate  it  from 
Act.  8carburgen$i8. 

EXPLANATION  OF  PLATE  V. 

F108.  1,  1/1.       Aeiaonina  htmeralit,  Phillips.     Dogger,  Peak.     York  Museum 
(shell  partially  preserved).     Back  and  front,     x  2. 

„    2.  Aetaonina  sp.  Dogger,  Peak.    Bean  Collection,  British  Museum. 

Back.    X  2. 

„    3.  Jetmonina  humeralis^  Phil.    Dogger,  Peak..    York  Museum  (speci- 

men showing  the  strise).     Back,     x  2. 

,,    4.  Acteeon  Sedyvici^  V'\n!ll\'^,    Dogger,  Peak.    Bean  Collection,  British 

Museum.    Back,     x  2. 

„    6.  Aetaon  pullua,  Morris  and  Lycett  (yar.  of  Ae,  Sed^Tviei),    Millepore 

Rock  of  the  coast.  Bean  Collection.  British  Museum.  Front   x  2. 

„  0  and  6a.  Aeteeonina  glabra^  Phillips.  Millepore  Rock  of  the  coast.  Bean 
Collection,  British  Museum.    Back  and  front,     x  2. 

„     7.  JcUBonina  tumidula,  Morris  and  Lycett.     Scarborough  Limestone, 

White  Nab.  Bean  Collection,  British  Museum.  Ttpb  RBFiau&£i>. 
Front.     X  2. 

„  8,  8a.  Aetaonina  cinerea,  sp.  n.  Scarborough  Limestone,  CloughtoU 
Wjke.    Leckenbj  Collection.     Back  and  front.    Nat.  size. 

„  9,  9a.  Aetteonina  Searburgetuis.  Lycett  (yar.  approaching^  AeL  g^gantea^ 
Deal.).  Combrash,  Scarborough.  My  Collection.  Back  and 
front.    Nat.  size. 

„  10,  10a.  Bulla  undulatay  Bean.  Combrash,  Scarborough.  Leckenby  Col- 
lection.    Back  and  front.    Nat.  size. 

„  11,  11a.      **  7V(M?Ai«  "  yw^Mtts,  Bean  MS.    Doggw,  Peak.    Bean  Collection, 
British  Museum.    Nat.  size,  and  portion  enlarged. 
(To  be  concluded  in  our  next  Number,) 

IIL — On  the  Pbssbnob  op  Syenite  and  Gabbbo  in  Essex  County, 

Massaohusbtts. 

By  Dr.  M.  E.  Wadswohth. 

Syenite, — Mach  of  tbe  eastern  coast  of  Essex  Connty,  Massachusetts, 

extending  from  Salem  to  a  point  beyond  West  Manchester,  has  been 

found  by  the  writer  to  be  occupied  by  a  typical  syenite  of  a  reddish 

and  greyish  colour,  whioh  in  its  macroscopic  characters  appears  to  be 

identical  with  that  from  Planen'schen  Grund,  Saxony.     The  syenite 

in  places  contains  much  biotite,  and  also,  near  West  Manchester, 

quartz  grains  (segregations  ?).    This  syenite  is  often  out  by  dykes 

of  a  fine-grained  gre3'ish  syenite,  which  holds  the  same  relation  to 

the  syenite  proper  as  the  micro-granite  dykes  do  to  the  granite  of  the 
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regioTii  and  hence,  for  oonvenience  of  desoription,  the  rook  of  the 
syenite  dykes  may  be  styled  micro-syenite. 

The  relation  of  the  syenite  proper  to  the  common  homblendio 
and  lepidomelane  granite  ^  of  the  region  (the  syenite  of  Hitchcock, 
and  other  American  authors)  lias  not  yet  been  made  out  distinctly. 
Both  are  eruptive,  and  heretofore  have  been  taken  to  form  the  same 
rock-mass.  In  fact,  the  syenite  is  partly  in  the  areas  mapped  as 
belonging  to  the  Norian  or  ^'Naugue  Head  "formation,  and  psortly  in 
that  mapped  as  belonging  to  the  Huronian.  Near  West  Manchester 
the  granite  rises  obliquely  in  a  dome-shaped  mass  from  beneath 
the  syenite,  but  the  actual  contact  was  not  seen ;  and  elsewhere, 
when  the  two  rocks  were  in  juxtaposition,  good  contacts  were  not 
found.  The  difficulty  in  determining  their  relations  was  further 
increased  by  their  close  resemblance  to  each  other  macroscopically,/ 
and  the  fact  that  the  micro-granite  and  micro-syenite  dykes,  by 
which  the  granite  and  syenite  are  respectively  cut,  are  closely  alike. 
So  far  as  seen,  the  granite  occupies  the  coast  northward  from  near 
**  Manchester- by-the-Sea,"  and  the  interior  of  the  country  going 
southward  from  that  point  At  least,  an  examination  of  all  the 
railway  cuttings  between  Manchester  and  Salem  revealed  syenite  at 
only  two  of  them,  and  those  were  near  the  sea-shore.  The  syenite, 
however,  occupies  a  large  portion  of  the  coast-line  between  Manchester 
and  Salem.  The  preponderance  of  evidence  is  that  the  granite  is  the 
younger  rock,  unless  it  is  contemporaneous  with  the  syenite. 

Gabhro, — On  Woodbury's  Point,  Beverley,  occurs  a  ^eissoid 
schist  which  is  probably  the  oldest  rock  in  the  vicinity.  This  is  cut 
by  irregular  dykes  of  gabbro  which  generally  run  approximately 
parallel  to  the  foliation  of  the  schist  This  gabbro  varies  much  in 
structure  in  different  portions  even  in  the  same  dyke,  three  different 
types  being  found  with  various  intermediate  grades.  1.  A  compact, 
tough,  milk-white  or  waxy  felspathic  mass,  containing  a  few  grains  of 
diallage,  and  closely  resembling  many  specimens  of  the  Volpersdorf 
gabbro.  2.  A  crystalline  rock  composed  of  approximately  equal 
amounts  of  felspar  and  diallage,  and  in  structure  is  like  a  coarsely 
crystalline  diabase,  or  the  common  crystalline  gabbros  like  those 
from  Kaduthal  and  Neurode.  3.  A  rock  in  which  the  felspar  becomes 
subordinate,  serving  merely  as  a  matrix  to  hold  the  large  porphyritic 
crystals  of  diallage,  some  of  which  are  two  or  three  inches  long. 
Prom  the  alterations  observed  by  the  writer  in  the  gabbros  from  this 
place,  San  Domingo,  and  other  localities,  he  has  been  led  to  believe 
that  many  of  the  coarsely  crystalline  diorites  of  these  regions  have 
been  formed  from  the  alteration  of  gabbro,  in  which  the  diallage  has 
been  replaced  by  secondary  hornblende.  The  before-mentioned 
syenite  was  found  cutting  the  gabbro  and  holding  fragments  of  it, 
while  the  micro-syenite  contains  diallage  fragments  at  the  places  in 
which  it  traverses  the  gabbro. 

In  the  granite  of  Davis  Neck,  Bay  View,  Gloucester,  a  variety  of 
gabbro  occurs  quite  abundantly.  This  is  a  grey,  coarsely  crystalline 
rock,  with  predominating  felspar.  The  felspar  is  in  approximately 
^  Proc.  Boston  Soc.  Kat  Hist  1878,  vol.  xix.  pp.  309-316. 
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square  prisms,  weathering  grey,  but  often  on  the  fresh  fracture  having 
a  bluish  or  pinkish  tinge.  In  many  parts  this  gabbro  contains 
crystals  and  masses  of  a  pinkish  striated  felspar  (probably  labradorite), 
one  piece  of  which  was  fifteen  inches  long  by  seven  inches  broad. 
The  gabbro  occurs  in  rounded  crater  or  neck-like  masses,  and  in 
dykes,  one  of  which  is  twenty-seven  feet  in  width.  The  largest 
gabbro  area  holds  in  its  centre  a  pinkish  mass  composed  mainly  of 
the  pinkish  felspar  before  mentioned.  This  mass  is  nearly  round  in 
outline,  and  from  fourteen  to  fifteen  feet  in  diameter,  while  it  ap* 
parently  widens  in  depth.  This  eruptive  gabbro  is  like  much  of  that 
which  has  been  regarded  as  typical  of  the  so-called  Norian  formation, 
and  apparently  to  a  boulder  of  it  found  on  Marblehead  Neck  is  due 
the  first  suggestion  of  the  presence  of  the  Norian  formation  in 
Eastern  Massachusetts.  Boulders  both  of  the  Davis  Neck  and 
Woodbury  Point  gabbros  have  been  observed  by  the  writer  freely 
scattered  in  the  drift  over  Middlesex  and  Essex  Counties,  and  there- 
fore these  rooks  doubtless  exist  in  sM  in  many  other  localities  than 
the  two  mentioned. 

EloBolite  (Zircon)  Syenite, — The  writer  has  previously  pointed  out  * 
the  existence  in  Marblehead  of  a  zircon  syenite  like  that  from 
Fredericksvsem,  Norway.  The  same  rock  further  occurs  in  Salem, 
particularly  on  Salem  Neck,  where  it  forms  dykes  and  large  masses 
in  the  diabase.  It  was  here  that  sodalite  and  elsdolite  were  found  in 
an  apparent  boulder  many  years  ago,  and  the  writer  has  discovered 
that  the  coarser  crystalline  portions  of  the  zircon  syenite  contain 
elsBolite  in  quite  large  and  abundant  masses,  giving  rise  to  the  rock 
known  as  elsBolite  syenite.  The  zircon  syenite  is  further  found  on 
the  Beverley  shore. 

Dykes. — ^The  entire  coast-line  is  more  or  less  cut  by  dykes  of  micro- 
granite,  micro-syenite,  quartz- porphyry,  diabase,  diorite,  and  mela- 
phyre.  Part  of  the  diabase  and  melaphyre  dykes  are  non-porphyritic 
on  the  sides,  but  in  the  intermediate  portions  they  are  filled  with 
felspar  crystals,  varying  from  minute  ones  to  giant  forms  six  to  eight 
inches  in  length.  Many  of  these  crystals  are  of  irregular  outline,  and 
have  been  penetrated  by  the  ground-mass. 

Trachyte, — A  dyke  of  trachyte  of  the  same  kind  as  that  previously 
described  by  the  writer'  as  forming  an  overflow  on  Marblehead  Neck, 
was  found  on  the  Beverley  shore,  near  the  Manchester  boundary-line. 
This  dyke  cuts  the  granite,  both  walls  being  found;  and  at  the  point 
observed  it  was  forty-four  inches  wide. 

Geological  Succession. — If  the  sequence  of  all  the  dykes  cutting 
one  another  be  taken,  numerous  epochs  of  eruption  can  be  found,  but 
speaking  broadly  the  general  order  of  arrangement  would,  from  the 
present  evidence,  appear  to  be  as  follows : — 

1.  The  schistose  rocks  which  seem  to  form  the  basis,  and  to  be 
of  sedimentary  origin.  2.  The  older  basaltic  rocks—  gabbro,  diabase, 
and  cliorite — which  have  been  intruded  through  the  schist  and  occupy 
large  areas  of  the  country.    3.  Syenite.    4.  ElsBolite  (zircon)  syenite. 

>  Proc.  Boston  Soc.  Nat.  Hist.  Feb.  1,  1882. 

»  Proc.  Boston  Soc.  Nat.  Hist.  1881,  toI.  ud.  pp.  288-294. 
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5.  Granite.    6.  Felsite.     7.  The  later  basaltic  rooks— diabase  and 
melaphyre.     8.  Trachyte. 

The  above  is  given  as  the  results  of  field  observations  in  the 
summer  of  1883,  the  specimens  not  having  been  unpacked  since 
collected.  It  is  intended  to  make  a  microscopic  examination  of 
the  rocks  at  the  earliest  time  my  duties  will  permit,  and  to  publish 
the  results  with  further  details  of  the  field  relations. 


IV. — On  a  Possible  Oausk  of  the  Distuhbauce  of  Magnetic 
Compass-Needles  dubino  Earthquakes. 
By  Cha&lbs  Datibon,  B.A., 
Mathematical  Master  at  King  Edward's  School,  Binningham. 

nnillOM  time  to  time,  during  earthquake- shocks,  magnetic  compass- 
JD  needles  within  the  disturbed  areas  have  been  seen  suddenly 
deflected  from  their  position  of  rest,  returning  to  it  shortly,  after  one 
or  more  oscillations.  This  movement  admits  of  two  very  di£ferent 
interpretations.  Either  it  may  be  attributed  to  an  intimate  connexion 
between  earthquakes  and  terrestrial  magnetism,  or  it  may  be  regarded 
as  merely  a  consequence  of  the  shock  of  the  earthquake.  The  object 
of  this  note  is  to  point  out  a  possible  mechanical  cause,  and  to  guanl, 
therefore,  against  a  too  hasty  assumption  of  a  magnetic  origin  for 
these  disturbances. 

The  following  examples  may  be  given  to  illustrate  the  nature  of 
these  movements : 

(1.)  On  August  28,  1787,  an  earthquake  was  felt  at  Stuttgart, 
Munich,  Augsburg,  Landshut,  Innspruck,  Pappenheim,  Ansbach, 
Empten,  Dillingen,  Batisbon,  Zurich,  and  B&le.  At  Innspruck,  the 
direction  of  the  shock  was  from  S»W.  to  N.E.  A  magnetic  needle 
at  the  same  place  deviated  0°  12'  to  the  east*  Here,  then,  the  south 
end  of  the  needle  moved  in  the  direction  opposite  to  that  of  the 
earthquake-shock. 

(2.)  On  December  2, 1841,  an  earthquake  was  felt  at  the  following 
places  : — At  St.  Rambert-en-Bugey  at  7*47  p.m.  ;  Lyons  at  7-60 ; 
Geneva  and  Chamb^ry  at  7-63  ;  Chessy,  Anse,  and  in  the  neighbour- 
hood of  Berne  at  8 ;  and  at  Lons-le-Saulnier  at  8*15,  and  again  at 
8'30.  At  Billey  the  direction  of  the  shock  was  said  to  be  from  N.  to 
S. ;  at  Geneva  from  S.W.  to  N.E. ;  and  at  St  Rambert-en-Bugey, 
apparently  from  E.  to  W.  From  the  recorded  times  and  directions, 
it  follows  that  the  focus  of  the  earthquake  must  have  lain  to  the; 
east  of  the  meridian  of  Lyons.  At  this  town  a  compass-needle 
suddenly  turned  from  N.  to  N.N.W.'  Here  again,  then,  the  south 
end  of  the  needle  moved  in  the  opposite  direction  to  that  of  the 
shock. 

(3.)  On  February  20,  1835,  occurred  the  great  earthquake  of 
Conoepcion,  described  by  Fitzroy,  Caldcleugh,  Darwin,  and  others. 
There  is  some  uncertainty  as  to  the  direction  of  the  shock,  but  the 
balance  of  the  evidence  is  in  favour  of  the  seismic  focus  having  been 

^  R.  Mallet,  Catalogue  of  recorded  Earthquakes,  Brit  Assoc.  Rep.  1864,  p.  18. 
»  Ibid,  p.  314. 
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to  the  west  of  the  South  American  continent.  In  his  olaRsical 
memoir,  *'0n  the  Connexion  of  certain  Volcanic  Phenomena  in  South 
America,  eta,"  ^  Mr.  Darwin  quotes  the  ohservation  of  Mr.  Douglas, 
made  at  the  moment  of  the  shook  in  the  island  of  Chiloe,  as  follows : 
"  Pocket  compass  placed  level  on  the  ground,  N.  point  set  to  lubbers' 
point;  remarked  that  it  vibrated  during  the  violent  shocks  two 
points  to  westward  and  only  half  a  point  to  eastward  ;  stood  at  N. 
when  the  motion  was  less  violent  Four  minutes  afterwards,  a  shock 
more  violent  than  any  of  the  preceding  ones,  affecting  the  compass 
as  before ;  another  violent  shock,  and  then  the  movements  became 
gradually  less  distinct,  and  eight  minutes  after  the  first  commence- 
ment, they  entirely  ceased."  In  this  case,  though  one  not  quite  free 
from  doubt,  the  north  end  of  the  compass-needle  seems  to  have 
moved  in  the  direction  opposite  to  that  of  the  earthquake-shock. 

Explanation  of  the  Movement — In  the  memoir  above  mentioned, 
Mr.  Darwin  continues :  ''I  have  quoted  Mr.  Douglas's  statement 
with  regard  to  the  compass,  although  it  is  not  clear  how  any  move- 
ment could  have  forced  it  to  oscillate  towards  one  side  more  than  to 
another.  I  presume,  however,  if  the"  needle  with  its  card  had  not 
been  acted  on  by  the  magnetic  force,  it  would  have  been  thrown  in 
the  trough  (if  such  an  expression  may  be  used)  of  the  undulation, 
that  is,  in  a  N.W.  and  S.E.  line,  and,  therefore,  that  the  recurrence 
of  this  tendency  acting  against  the  polar  attraction,  caused  the  un- 
equal oscillations  described." 

Mr.  Mallet  has  shown  that  the  impulse  communicated  to  a  body 
by  the  shock  of  an  earthquake  is,  eateris  paribus,  proportional  to  the 
mass  of  the  body,  and  acts  in  the  direction  opposite  to  that  of  the 
earthquake- motion  at  the  instant  considered.  If,  therefore,  the  masses 
of  the  two  halves  of  the  magnetic  needle  were  equal,  the  impulse 
communicated  to  both  would  be  the  same,  and  no  motion  would 
ensue.  But,  to  counteract  the  dipping  tendency  of  the  magnetic 
needle,  the  end  that  would  naturally  be  higher  is  weighted  so  that 
the  needle  may  swing  horizontally.  Hence,  the  masses  of  the  two 
halves  being  unequal,  the  needle  will  receive  a  differential  impulse 
proportional  to  the  added  weight,  and  the  heavier  end  will  swing 
round  in  the  direction  opposite  to  that  of  the  earthquake  motion. 
The  resultants  of  the  magnetic  force  and  of  the  subsequent  impulses 
communicated  during  the  earthquake  will  tend  to  bring  the  needle 
back  to  its  position  of  rest,  or  cause  it  to  describe  further  oscillations 
of  greater  or  less  magnitude. 

Now,  in  Europe,  the  dip-needle  inclines  towards  the  north,  and 
the  south  end  of  the  compass-needle  must  therefore  be  weighted. 
In  Chili,  the  needle  dips  towards  the  south,  and  the  north  end  must 
be  weighted.  In  the  first  two  of  the  above  cases,  then,  and  probably 
in  the  third  also,'  the  first  movement  of  the  heavier  end  was  in  the 
direction  opposite  to  that  of  the  earthquake  motion. 

*  Trans.  Geol.  Soo.,  second  series,  toI.  t.  pt.  iii.  pp.  602-3. 

'  These  are  the  only  instances  I  have  been  able  to  find  in  which  the  direction  of 
the  movement  of  the  compass-needle  is  stated.  Others  only  mentioning  a  moyement 
at  ihe  instant  of  the  shock  are  of  course  much  more  commonly  recorded. 
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I. — The  Dinocerata,  a  Monograph  of  an  Extinot  Order  of 
Gigantic  Mammals.  By  Othnibl  Charles  Marsh,  M.A., 
r.G.S.,  of  Yale  College,  New  Haven,  Conn.,  U.S.A.  4to.  pp. 
i"xviii,  and  237 ;  wi3i  66  Plates  and  200  Woodcuts.  Being 
Vol.  X.  of  the  United  States  Geological  Snrvey  of  the  Territories. 
Advance  copy  issued  with  the  permission  of  the  Director. 
(Washington:   1884.) 

IN  the  Geological  Magazine  for  1880,  Decade  II.  Vol.  VIL  pp. 
622-626,  we  had  the  pleasure  to  draw  attention  to  the  appear- 
ance of  the  first  volume  of  this  magnificent  series  of  United  States 
Geological  Survey  Monographs  by  Professor  Marsh,  that  on  the 
Odontomithes,  or  Toothed-Birds,  of  the  Cretaceous  deposits  of  the 
liocky  Mountains  in  North  America. 

The  present  volume,  which  corresponds  in  style  with  it,  and  may 
be  properly  called  Volume  II.  of  the  series,  is  equally  worthy  of  the 
attention  of  palssontologists.  It  contains  a  most  complete  record  of 
a  peculiar  order  of  Mammals  which  have  been  obtained  by  the 
author  with  vast  labour  and  expense,  and  with  no  little  personal 
risk,  from  the  early  Tertiary  strata  of  th^  great  central  plateau  of 
the  Continent.     But  we  will  let  Professor  Marsh  speak  for  himself. 

"Among  the  many  extinct  animals  discovered  in  the  Tertiary 
deposits  of  the  Rocky  Mountain  region,  none,  perhaps,  are  more 
remarkable  than  the  huge  mammals  of  the  order  Dinocerata.  Their 
remains  have  hitherto  been  found  in  a  single  Eocene  lake-basin  in 
Wyoming,  and  none  are  known  from  any  other  part  of  this  country, 
or  from  the  Old  World.  These  gigantic  beasts,  which  nearly  equalled 
the  Elephant  in  size,  roamed  in  great  numbers  about  the  borders  of 
the  ancient  tropical  lake  in  which  many  of  them  were  entombed. 

"  This  lake-basin,  now  drained  by  the  Green  River,  the  main  tribu- 
tary of  the  Colorado,  slowly  filled  up  with  sediment,  but  remained 
a  lake  so  long  that  the  deposits  formed  in  it,  during  Eocdne  time, 
reached  a  vertical  thickness  of  more  than  a  mile.  The  Wasatch 
Mountains  on  the  West,  and  the  Uinta  chain  on  the  South,  were  the 
main  sources  of  this  sediment,  and  still  protect  it ;  but  the  Wind 
River  range  to  the  North,  and  other  mountain  elevations,  also  sent 
down  a  vast  amount  of  material  into  this  great  fresh- water  lake, 
then  more  than  one  hundred  miles  in  extent. 

**  At  the  present  time,  this  luicient  lake-basin,  now  six  to  eight 
thousand  feet  above  the  sea,  shows  evidence  of  a  vast  erosion,  and 
probably  more  than  one-half  of  the  deposits  once  left  in  it  have 
been  washed  away,  mainly  through  the  Colorado  River.  What 
remains,  forms  one  of  the  most  picturesque  regions  in  the  whole 
West,  veritable  mauvaisea  terres,  or  *  bad -lands,'  where  slow  denuda- 
tion has  carved  out  cli£fs,  peaks,  and  columns  of  the  most  fantastic 
shapes  and  varied  colours.  This  same  action  has  brought  to  light  the 
remains  of  many  extinct  animals,  and  the  bones  of  the  Dinoceraiat  from 
their  great  size,  naturally  first  attract  the  attention  of  the  explorer. 
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*'  The  first  remains  of  the  Dinocerata  discovered  were  found  by 
the  author,  in  September,  1870,  while  investigating  this  Eocene  lake- 
basin,  which  had  never  before  been  explored.  Various  remains  of 
this  group  were  also  collected  by  other  members  of  the  expedition, 
and  among  the  specimens  thus  secured  was  the  type  of  Tinoceras 
anceps,  described  by  the  author  in  the  following  year,  and  now  more 
fully  in  the  present  volume.  In  the  same  geological  horizon  with 
tliese  remains,  a  rich  and  varied  vertebrate  fauna,  hitherto  unknown, 
was  found. 

"  Among  the  animals  here  represented  were  ancestral  forms  of  the 
modem  Horse  and  Tapir,  and  also  of  the  Pig.  Many  others  were 
found  related  to  the  recent  Lemurs ;  also  various  Carnivores,  Insect!- 
vores,  Bodents,  and  small  Marsupials ;  and  of  still  more  importance, 
remains  were  here  brought  to  light  of  another  new  order  of  mammals, 
the  Tillodonts,  quite  unlike  any  now  living.  Crocodiles,  Tortoises, 
Lizards,  Serpents,  and  Fishes  also  swarmed  in  and  about  the  waters  of 
this  ancient  lake,  while  around  its  borders  grew  Palms,  and  other 
tropical  vegetation. 

"  The  remarkable  Eocene  basin  north  of  the  Uinta  Mountains, 
where  alone  the  Dinocerata  had  been  found,  offered  so  inviting  a  field 
for  exploration,  that  in  the  spring  of  the  following  year,  1871,  the 
author  began  its  systematic  investigation.  An  expedition  was  again 
organized,  with  an  escort  of  United  States  soldiers,  and  the  work 
continued  during  the  entire  season." 

In  1872,  73,  74,  and  75,  these  researches  were  continued  by  Prof. 
Marsh  with  unabated  energy ;  finally,  during  the  entire  season  of 
1882,  the  work  was  again  vigorously  prosecuted  by  the  author ;  and 
after  July  of  that  year,  by  the  United  States  Geological  Survey. 

The  specimens  brought  together  in  Yale  College  Museum  alone 
represent  more  than  200  individuals  of  the  Dinocerata,  besides  a  vast 
series  of  remains  of  other  orders  of  animals.  The  author  refei-s  to 
the  early  labours  of  Dr.  Leidy  (who  proposed  the  name  of  Uinta' 
therium  tor  certain  specimens  obtained  by  him) ;  to  Prof.  Cope  (who 
proposed  the  names  Loxolophodon,  Eohasileus,  and  Bathyopsis  for 
various  forms  of  Dinocerata  which  he  had  discovered).  He  also 
credits  the  staff  of  the  Princeton  College,  whose  collecting  parties 
had  secured  numerous  remains  of  Dinocerata  and  other  fossils  from 
the  same  localities.  But  the  far  larger  collections  obtained  by  Prof. 
Marsh  for  Yale  College  have  left  little  to  be  desired  in  the  way  of 
additional  evidence  for  the  completion  of  his  Monograph.  The 
localities  in  which  the  Dinocerata  have  been  found  are  on  both  sides 
of  the  Green  River,  and  mainly  south  of  the  Union  Pacific  Railroad 
in  Wyoming.  About  equal  numbers  of  specimens  were  found  east 
and  west  of  the  Green  River,  the  distance  between  the  extreme 
localities  in  this  direction  being  more  than  one  hundred  miles.  They 
occupy  a  well-marked  geological  horizon  of  the  Middle  Eocene. 

**  llie  Dinocerata  form  a  well-marked  order  in  the  great  group  of 
Ungidata.  In  some  of  their  characters,  they  resemble  the  Artiodactyla  * 

^  Artiodaetyltt,  ot  wen-toed  Ungulata,  or  hoofed  animals  (Pig,  Hippopotami, 
Camels,  Beer,  Antelopes,  Sheep,  Oxen,  etc.)* 
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{  Paraxonta)  ;  in  others  they  are  like  the  Perissodaeiyla  ^  {Me$<ixonia)  ; 
and  in  others  still,  they  agree  with  the  Pi*oboecidians.'  The  points 
of  similarity,  however,  are  in  most  oases  general  characters,  which 
point  back  to  an  earlier,  primitive  ungulate,  rather  than  indicate  a 
near  affinity  with  existing  forms  of  these  groups. 

**  The  JMnocerata,  so  far  as  now  definitely  known,  may  be  placed 
in  three  genera,  Dinocera$,  Marsh,  Ttnoceras,  Marsh,  and  Uintatherium, 
Leidy.  The  type  specimen  of  UintcUherium  was  discovered  near  the 
bnse  of  the  series  of  strata  containing  the  remains  of  the  Dinocerata. 
Dinoceras,  so  far  as  known,  occurs  only  at  a  higher  horizon,  while 
Tinoceras  has  been  found  at  the  highest  level  of  alL    The  characters 


Fio.  1.— Skull  of  Dinoeeras  mirabiU,  Marsh  (seen  from  the  left  side).  One-sixth 
natural  size.  From  the  Eocene  Tertiary  Lacustrine  deposits  of  Wyoming 
Territory,  United  States,  North  America. 

of  these  three  genera  correspond  in  general  with  their  geological 
position.  Uintatherium  appears  to  be  the  most  primitive  type,  and 
Tinoceras  the  most  specialized,  Dinoceraa  being  an  intermediate  form. 

"  About  thirty  species  of  Dinocerata,  more  or  less  distinct,  are 
recognized  by  the  author  in  the  Synopsis  at  the  end  of  the  volume. 

"  The  Skfdl, — ^The  skull  of  Dinoceras  mirahile  is  long  and  narrow, 
the  facial  portion  being  greatly  produced.     The  basal  line,  extending 

^  FeriModaetylat  or  uneven-toed  (Horse,  Tapir,  Rhinoceros). 
'  Frobotcidia  (Elephant,  Maatodon,  Dinotherium). 
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from  the  end  of  the  premazillaries  along  the  palate  to'  the  lower 
margin  of  the  foramen  magnum,  is  nearly  straight.  The  top  of  the 
skull  supports  three,  separate,  transverse  pairs  of  osseous  elevations, 
©r  horn-cores,  which  form  its  most  conspicuous  feature,  and  suggested 
the  name  of  the  genus.  The  smallest  of  these  protuberances  are 
situated  near  the  extremity  of  the  nasals ;  two  others,  much  larger, 
arise  from  the  maxillaries,  in  front  of  the  orbits;  while  the  largest 
are  mainly  on  the  parietals,  and  are  supported  by  an  enormous  crest, 
which  extends  from  near  the  orbits  entirely  around  the  lateral  and 
posterior  margins  of  the  true  cranium.  These  general  characters  are 
well  shown  in  Figure  1,  which  represents  the  skull .  of  the  type 
specimen. 

''There  are  no  upper  incisors,  but  the  canines  in  the  male  are 
enormously  developed,  forming  sharp,  trenchant,  decurved  tusks, 
which  were  each  protected  by  a  dependent  process  on  the  lower  jaw. 
The  premolar  and  molar  teeth  are  very  small. 

"The  orbit  is  large,  and  confluent  with  the  temporal  fossa.  The 
latter-:  is  of  great  extent  posteriorly,  but  the  zygomatic  arches  are 
only  moderately  expanded.     There  is  no  post-orbital  process. 


Fio.  2.— Posterior,  or  occipital  sur- 
face of  skall  of  Dxnoceroi  mirahile,  Marsh, 
one-eighth  nat.  size,  r,  occipital  condyle; 
/,  foramen  magnnm ;  /,  lateral  crest ; 
Qf  occipital  crest ;  p,  post- tympanic  pro« 
cess ;  ty  crest  behind  temporal  fossa. 


Fio.  3.— Posterior,  or  occipital  sur- 
face of  skull  of  TinoeevM  ingmi^  Marsh, 
one-eighth  natural  size.  (Letters  the 
same  as  in  Fig.  2.} 


"The  nasal  bones  are  greatly  elongated,  being  nearly  half  the 
length  of  the  entire  skull.  Tlwy  project  forward  over  the  anterior 
nares,  and  overhang  the  premaxillaries.  They  are  thick  and  massive 
bones,  especially  in  front,  and  are  united  together  by  a  nearly 
sti'aight  suture. 

"  The  anterior  extremity  of  the  nasal  bones,  in  both  Dinoceras  and 
TinoceraSy  is  formed  of  an  osseous  projection,  pointing  forward  and 
downward,  and  situated  in  front  of  and  below  the  nasal  protuber- 
ances. Several  specimens  in  the  Yale  Museum  show  that  this 
projection  is  formed  of  two  separate  ossifications,  each  in  front  of 
its  respective  nasal  bone. 
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'*  These  bones  are  a  peculiar  feature  in  the  skull  of  DinoeeraUn, 
and  may  be  called  the  pre-nasal  bon^s.  In  very  young  animals,  they 
are  unossified ;  in  adult  animals  they  are  distinct ;  but  in  very  old 
animals  they  become  oodssified  with  the  nasals,  and  with  each  other. 

''The  frontal  bones  in  Dinoeeras  mirabile  are  shorter  than  the  nasals 
(see  Fig.  4).  In  all  the  known  skulls  of  the  JXnocerata,  the  median 
suture  uniting  the  two  frontals  is  entirely  obliterated.  The  suture 
joining  them  with  the  nasals  in  front,  and  with  the  maxillaries  on 
the  side,  is  distinct  in  the  type  of  Dinoeeras. 


Fio.  4.— View  of  upper- surface  of  skull  of 
DinoeerM  mirabUe,  Marsh,  with  hrain-cast  in 
natural  position.  /,  frontal  bone ;  m,  maxil- 
lary bone;  tn',  maxillary  protuberance;  n, 
nasal  bone;  n\  nasal  protuberance;  p, 
parietal  bone;  p\  parietal  protuberance ; 
pm^  premaxillary  bone;  «,  supra-occipital 
crest. 


Fio.  6.  —  Skull  of  a  young 
specimen  of  Dwoeeras  eUttans, 
Marsh,  seen  from  above;  with 
brain-cast  in  natural  position. 
Both  Figs.  4  and  6  are  one- 
eighth  natural  sice.  The  letteia 
refer  to  the  same  parts  of  the 
skull  in  both  figures. 


*'  The  maxillary  bones  form  a  large  portion  of  the  lateral  surface 
of  the  skull.  They  contain  all  the  teeth,  except  those  of  the  lower 
jaw,  and  they  also  expand  into  the  large  median  pair  of  osseous 
elevations,  or  horn-cores. 

"  In  one  young  specimen,  the  fronto-parietal  suture  is  still  open 
and  passes  in  a  nearly  straight  line  across  the  top  of  the  cranium 
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jnst  in  front  of  the  Bummit  of  the  cerebral  hemispheres  (see  Fig.  5)« 
It  also  divides  the  posterior  elevations,  or  horn -cores,  so  as  to  leave 
the  anterior  part  of  them  on  the  frontals,  and  the  posterior  and 
highest  portion  on  the  parietals. 

^In  all  the  crania  of  the  Dinocerata  examined,  the  parietal 
bones  are  firmly  united  to  each  other  on  the  medial  line,  and  with 

the  supra-occipital  behind On  the  sides  of  the  cranium, 

the  parietals  form  the  upper  portion  of 

''The  occipital  region  in  all  the 


Fio.  6. — Palatal  yiew  of  skull  of  Tinoeeras  Fio.  7. --Palatal  view  of  skull  of 
t'n^eiM,  Marsh;  one-eighth  natural  size,  a,  Dituteerat  fnirabiie.  Marsh;  one- 
anterior  palatine  foramen ;  &,  palato-maxil-  eighth  natural  size.  The  explana-r 
larj  foramen ;  0,  antorbital  foramen  ;  d^  tion  of  the  letters  is  the  same  as 
posterior  palatine  foramen ;  «,  posterior  that  for  Fig.  6. 
ntres ;   /,  foramen  magnum ;  /*,  occipital 

foramen ;  g^  stylomastoid  foramen ;  A,  foramen  lacerum  posterius ;  t,  yascular  fora- 
men in  basisphenoid ;  y,  posterior  opening  of  alisphenoid  canal ;  k^  anterior  opening 
of  alisphenoid  canal ;  /,  optic  foramen. 
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elevated  and  sub-quadrate  in  outline.  It  varies  much  in  shape  and 
size  in  the  different  genera  and  species,  and  two  of  the  principal 
forms  are  represented  (see  Figs.  2  and  3). 

'*  The  malar  bone  completes  the  anterior  portion  of  the  zygomatic 
arch,  extending  to  the  front  of  the  orbit.  I'he  suture  uniting  the 
malar  with  the  maxillary  remains  distinct  till  adult  life,  and  may 
usually  be  traced,  even  in  old  animals.  This  forward  extension  of 
the  malar  bone  is  a  general  ungulate  character,  and  quite  different 
from  what  is  seen  in  the  Proboscidians,  where  the  malar  forms  the 
middle  portion  only  of  the  zygomatic  arch. 

"The  lachrymal  is  large,  and  fonns  the  anterior  border  of  the 
orbit  (see  Fig.  1).  It  is  perforated  by  a  large  foramen.  In  Dtno- 
ceras  mirabtlef  this  is  oval  in  outline,  with  the  apex  above.  The 
base  of  the  lachrymal  is  excavated  for  the  posterior  opening  of  the 
large  antorbital  foramen. 

*'  The  large  canine  tusk  is  entirely  inclolwd  in  the  maxillary  bone, 
and  in  the  genus  DinoceraSy  its  root  extends  upward  into  the  base 
of  the  maxillary  hor^-core.  In  all  known  Dinocerata,  there  is  a 
diastema  between  the  upper  canine  and  the  premolars. 

**The  premaxillary  bones  are  edentulous,  and,  even  in  young 
specimens,  contain  no  teeth.  The  prem^xillaries  vary  much  in  form 
in  the  different  genera  and  species. 

"Two  of  the  principal  forms  axe  shown  in  Figs.  6  and  7. 

"Ilie  palate  is  very  narrow  and  much  excavated,  especially  in  front. 
The  bony  palate  extends  back  as  far  as  the  last  upper  molar,  and  in 
some  specimens  beyond.  It  is  deeply  excavated  on  each  side  in 
the  region  of  the  diasten^a,  and  near  the  posterior  part  of  each  ex- 
cavation on  either  side  is  situated  a  large  foramen,  which  may  be 
called  the  palato-maxillary  foramen  (Figs.  G  and  7,  b), 

"  In  the  type  of  Dinocera$y.  the  palatine  fossa  of  the  posterior  nares 
is  roofed  over,  so  that  the  passage  from  the  palate  into  the  large 
nasal  cavities  above  leads  forward  and  upward,  as  shown  indistinctly 
in  Figure  7.  In  Ttnoceras  ingens  and  Tinoceras  pugnax,  the  roof  of 
this  fossa  is  excavated  in  front  by  a  pair  of  oval  apertures,  and, 
through  these,  the  posterior  nares  open  directly  upward,  as  repre- 
sented in  Figure  6,  e, 

"  The  Lower  Jaw, — The  lower  jaw  in  Dinoceras  is  as  remarkable  . 
as  the  skull  (see  Figs.  8  and  9).     Its  most  peculiar  feature  in  the 
male  is  a  massive  decurved  process  on  each  ramus,  extending  down- 
ward find  outward.     These  long,  pendent  processes  were  apparently 
to  protect  the  upper  canine  tusks,  which  Would  otherwise  be  very 

liable  to  be  broken In  the  female,  thi^  process  is  much 

reduced  in  size,  but  is  quite  sufficient  to  protect  the  diminutive  tusk 
which  overlaps  it 

"  Another  remarkable  feature  in  the  lower  jaw  of  the  Dinoeeraia 
is  the  posterior  direction  of  the  condyles,  hitherto  unknown  in 
Ungulates. 

"  In  the  genus  Dinoceras^  there  are  three  incisor  teeth,  and  a  small 
incisiform  canine  on  each  side,  forming  a  continuous  series  at  the 
front  extremity  of  the  lower  jaw.     These  are  all  of  moderate  6ize> 
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and  inolined  well  forward,  as  in  the  ruminant  mammals.     Behind 
this  series,  and  immediately  over  the  dependent  process,  is  a  long 


Fio.  8. — Front  view  of  lower  jaw  of  Difwceras  latieepsy  Marsh  :  one- fourth  nat. 
Lze.    a,  angle  ;  erf,  condyle  ;  rr,  coronoid  process ;  «,  symphysis  ;  /,  anterior  fora- 


Pio.  9. — Left  ramus  of  lower  jaw  of  Vintatherium  tegne^  Marsh;  one-fourth 
nat.  size,  e,  canine ;  pm^  premolar ;  rf,  diastema.  The  explanation  of  the  other 
letters  is  given  under  Fig.  8. 
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diastema.  Further  baok,  there  are  three  premolars,  and  three 
molars,  forming  together  a  dose  series.  This  is  the  dentition, 
essentially,  in  the  lower  jaw  of  hoth  Dinoceraa  and  Tinoceras. 

"  In  the  genus  Tinoceras,  the  same  general  characters  of  the  lower 
jaws  are  seen.  In  the  male,  the  pendent  process  is  large  and 
elongate,  but  less  massive  than  in  the  genus  IHnocera$,  and  its  lower 
outline  less  regularly  rounded.  This  corresponds  with  the  position 
of  the  larger  upper  canine  tusk,  which  it  protects.  In  the  female  of 
TinoceroB,  the  pendent  process  is  mach  reduced,  its  si^e  in  all  cases 
corresponding  to  the  size  of  the  canine  tusk  above. 

''That  the  same  relation  in  size  between  the  tusk  and  process 
below  it  holds  equally  in  both  the  genera  Dinoceraa  and  Tinoceraa 
is  conclusively  shown  by  various  specimens  in  the  Yale  Museum. 

*'  The  Teeth, — The  teeth  of  the  Dinocerata  constitute  one  of  their 
most  interesting  features. 

''  In  the  genus  Dinoceraa,  the  dentition  is  represented  by  the  fol- 
lowing formula : — Incisors  ^,  canines  i,  premolars  i,  molars  i  »  84. 

"  So  far  as  now  known,  the  same  formula  applies  equally  well  to 
the  genus  Tinoceraa. 

''In  Uintatherium,  the  dentition  is  apparently  as  follows: — In- 
cisors if  canines  i,  premolars  f ,  molal^  f  =  36. 

"  In  none  of  the  Dinocerata  have  any  upper  incisors  been  found, 
even  in  the  youngest  specimens.  The  premaxiUary  bones  appear 
to  be  entirely  edentulous. 

"  In  the  lower  jaw  of  all  the  known  Dinocerata^  there  are  three 
well-developed  incisors  on  each  side.  They  are  inserted,  each  by  a 
single  root,  and  are  procumbent,  all  directed  well  forward. 

"  The  superior  canines  of  Dinoceraa  are  long,  decurved,  trenchant 
tueks.  The  crown  is  covered  with  enamel,  and  the  root  extends 
upward  into  the  base  of  the  maxillary  protuberance,  or  horn-core. 
When  the  animal  is  young,  these  tusks  grow  from  a  persistent  pulp, 
but  in  old  age  the  cavity  becomes  nearly  closed.  In  the  male,  these 
tusks  are  large  and  powetful,  and  extend  downward  nearly  or  quite 
to  the  extremity  of  the  pendent  process  of  the  lower  jaw. 

"In  the  female  of  Dinoceraa,  the  upper  canines  are  sm^ll  and 
slender,  and  protrude  but  little  below  the  jawJ* 

The  crowns  of  the  upper  premolar  and  molar  teeth  in  Dinoceraa, 
and,  in  fact,  in  all  of  the  known  Dinocerata,  are  remarkably  short, 
with  the  roots  well  developed,  forming  a  true  brachyodont  dentition, 
as  in  all  early  Tertiary  ungulates. 

*'  In  each  ramus  of  the  lower  jaw  of  Dinoceraa,  there  is  a  close 
series  of  six  teeth,  three  of  which  are  premolars,  and  three  true 
molars.  These  are  all  inserted  each  by  two  roots.  This  is  also  true 
of  the  genus  Tinoceraa, 

"  The  molar  teeth  in  Dinocerata  appear  to  resemble  more  closely 
the  corresponding  teeth  in  the  genus  Coryphodon  than  those  of  any 
other  animal.  The  general  dentition,  however,  is  quite  distinct. 
Coryphodon  has  well-developed  upper  incisors,  and  a  medium -sized 
upper  canine,  thus  differing  widely  in  these  features  from  the  2>tito- 
cerata,*' 
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The  Brairii — "The  brain  of  the  Dinocerata  i&  one  of  the  roost 
peculiar  features  of  the  group.  It  is  especially  remarkable  for  its 
diminutive  fiize.  It  was  proportionately  smaller  than  in  any  other 
known  mammal,  reoent  or  fossil,  and  even  less  than  in  some  reptiles. 
It  was,  indeed,  the  most  reptilian  brain  in  any  known  mammal. 
In  Dinoceras  mirabile,  the  entire  brain  was  actually  so  diminutive 
that  it  could  apparently  have  been  drawn  through  the  neural  canal. 


Fio.  10. — ^View  of  the  upper  surface  of  sknll  Fio.  11. — View  of  the  upper 

of   TinoeeroM  ingens^  MarsQ  ;    one-eighth  nat.  surface  of  the  skull  of  Dinoceras 

size,  with  hraiu-cast  in  position.    /,  frontal  UUicepsy  Marsh,  (female}  with  the 

bone ;  m,  maxillary  bone ;  m\  maxillary  pro-  brain-cast    in    position.      One- 

tuberance  ;    n,   nasal  bone  ;  n\  nasal  protu-  eighth  the  natural  size, 
berance ;  p,   parietal  bone ;  p'y  parietal  pro- 
tuberance ;  pniy  premaxillary  bone. 

of  all  the  presacral  vertebras,  certainly  through  the  cervicals  and  the 
lumbar  ones. 

"The  size  of  the  entire  brain,  as  compared   with  that  of  the 
cranium,  is  shown  in  th^  accompanying  Figures,  4,  5^  and  11.    The 
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size  of  tbe  brain-oaYity,  and  its  position,  in  the  sknll  in  the  genus 
TinoceraSf  also,  is  represented  in  Figure  1 0. 

**  The  most  striking  feature  in  the  brain-cavity  itself  is  the  rela- 
tively small  size  of  the  cerebral  fossa,  this  being  but  little  larger  than 
the  cerebellar  portion.  The  cerebral  hemispheres  did  not  extend  at 
all  over  the  cerebellum  or  the  olfactory  lobes.  The  latter  were  large, 
and  continued  forward. 

'*  The  nerves  passing  ofif  from  the  brain  were  large,  and  can  be 
made  out  with  reasonable  certainty.  The  olfactory  lobes  were  sepa- 
rated in  front  by  an  osseous  septum. 

"In  the  genus  Tinoceras,  the  brain  was  similar  in  its  general 
characters  to  that  of  Dinoceraa,  but  appears  to  have  been  somewhat 
more  highly  developed.  The  hemispheres  were  more  elongate,  and 
the  olfactory  lobes  relatively  smaller. 

Brain- Orowth, — "The  Dinocerata  are  by  far  the  largest  of  all 
known  Eocene  animals,  and  that  they  have,  also,  a  very  diminutive 
brain  is  a  noteworthy  fact,  which  attracted  the  author's  attention  soon 
after  their  discovery. 

"The  comparison  of  the  brain  in  this  group  with  that  of  other 
mammals  from  the  same  formation  soon  showed  that  the  Dinocerata, 
although  most  remarkable  in  this  aspect,  were  not  alone  in  diminu- 
tive capacity  of  brain  power.  A  more  extended  comparison  led  to 
the  fact  t)iat  all  the  early  Tertiary  mammals  had  very  small  brains. 

**  The  results  of  this  investigation  were  embodied  by  the  author  in 
a  general  law  of  brain-growth  in  the  extinct  mammals  throughout 
Tertiary  time.     This  law,  briefly  stated,  was  as  follows  : — 

"1.  All  Tertiary  mammals  had  small  brains.  2.  There  was  a 
gradual  increase  in  the  size  of  the  brain  during  this  period.  8. 
This  increase  was  confined  mainly  to  the  cerebral  hemispheres  or 
higher  portion  of  the  brain.  4.  In  some  groups,  the  convolutions 
of  the  brain  have  gradually  become  more  complex.  5.  In  some,  the 
cerebellum  and  the  olfactory  lobes  have  even  diminished  in  size. 
6.  There  is  some  evidence  that  the  same  general  law  of  brain- 
growth  holds  good  for  Birds  and  Reptiles  from  the  Cretaceous  to 
the  present  time.^ 

*'  The  author  has  since  continued  this  line  of  investigation,  and 
has  ascertained  that  the  same  general  law  of  brain-growth  is  true  for 
Birds  and  Eeptiles,  from  the  Jurassic  to  the  present  time." 

The  small  size  of  the  brain  in  early  Tertiary  mammals  will  be 
indicated  by  an  examination  of  the  Dinocerata  skulls,  with  the  brain 
in  position,  shown  in  Figures  4,  5,  10,  and  11. 

Prof.  Marsh  has  still  further  illustrated  this  most  interesting  sub- 
ject by  giving  in  his  Monograph  figures  of  the  crania  of  lAmnohyua 
rohustus,  Marsh  (Middle  Eocene) ;  Amynodon  advenua.  Marsh  (Upper 
Eocene) ;  Elotherium  crasaum,  Marsh  (Miocene) ;  Mastodon  Ameri* 
canus,  Cuvier  (Pliocene) ;  and  Platygonus  compreasus,  Le  Conte 
(Pliocene),  and  many  others,  showing  a  well-marked  advance  in  size 

'  See  Silliman's  American  Journal  of  Science,  vol.  viii.  p.  66,  July,  1874 ;  and 
ToL  xii.  f .  61,  July,  1876 ;   alftO  Odontornithes,  p.  10, 1880. 
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and  ooroplexitj  of  the  brain  from  Eoo^ne  times  to  the  present  period 
in  the  Mammalia. 

The  VertebrcB. — The  oervical  vertebraa  of  the  Dinoeerata  in  their 
main  characters  resemble  those  of  the  Proboscidians.  The  atlas  and 
axis  are  somewhat  similar  to  those  of  the  Elephant.  The  rest  of  the 
oervicals  (Figs.  12  and  13)  are  proportionally  longer.  The  entire 
neck  was  about  one- third  longer  than  in  the  Elephant,  thus  rendering 
a  proboscis  unnecessary,  as  the  head  could  readily  reach  the  ground. 
All  the  prassaoral  vertebrsd,  behind  the  atlas  and  axis,  have  the 
articular  faces  of  the  centra  nearly  flat,  as  in  the  typical  Proboscidians. 


Fio.  12.— Cervical  vertebra  of  Tinoeeras  grandi^  Fio.  13.— Side  view  of  the 

Marsh ;  front  view,  one-fourth  natural  size.    n«,  same  vertebra.     Letters  as  in 

neural  canal ;  z,  anterior  zygapophysis  ;  /,  lateral  Fig.  12. 
foramen ;  z',  posterior  zygapophysis. 

**  The  trunk- vertebrae  in  the  Dinoeerata  are  proportionally  longer 
than  those  in  the  oervical  region.  The  articular  faces  of  the  centi*a 
are  likewise  nearly  flat,  most  of  them  being  distinctly  concave 
(Figs.  14  and  15). 


Pio.  14. — Front  view  of  second  dorsal  vertebra  of  Fio.  15.— Side  view  of 

Dinocsrat  mirabile,  Marsh,  ft,  neural  canal ;  «,  neural  the  same  vertebra, 

•pine ;  2^,  posterior  zygapophysis. 

.   .The  Fore-limha, — The  limb-bones  in  the  Dinoeerata  are  nearly  or 
quite  solid,  and  this  is  true  of  all  the  skeletoui  a  portion  of  the  skull 
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alone  ezoepted.  The  fore-limbe  have  a  general  resemblance  to  those 
of  Proboscidians.  The  fore-foot  is  larger  than  the  hind  one  in  all 
the  Dinocerata.  The  bones  oomprising  it  are  oomparatively  short 
and  massive.  There  were  five  well-developed  digits,  as  in  Probo- 
scidians, but  the  carpal  bones  were  interlocked  with  the  metacarpals 
as  in  the  Perissodactyles.  The  general  appearance  of  the  fore-foot 
in  Dinoceraa  mirahUe  is  well  shown  in  Fig.  16.  ITie  hind-foot  is 
represented  in  Fig.  17.     The  feet  were  plantigrade  as  in  the  Elephant. 

'<  There  are  eight  separate  carpal  bones  in  the  fore-foot  of  all  the 
JXnocerata,  and  a  ninth,  the  central  bone,  may  be  separate  in  very 
young  animals,  and,  in  adults,  either  lost  or  consolidated  with  the 

scaphoid,  or  the  trapezoid The  metacarpal  bones  are  short 

and  robust The  phalanges  in  the  fore-foot  are  very  short,  and 

comparatively  small.  Sternal  bones  are  preser\*ed  in  a  number  of 
individuals  of  the  .Dinocerata  in  the  Yale  Museum,  but  the  entire 

series  in  any  one  individual  has  not  been  i*ecovered The  most 

marked  character  of  these  bones  is  that  they  are  flat  and  horizontal, 
as  in  the  Artiodactyles,  and  not  vertical,  as  in  the  Proboscidians, 
and  the  Perissodactyles." 

The  pelvis  has  a  general  resemblance  to  that  of  the  Elephant. 
The  ilia  were  widely  expanded,  as  in  that  animaL  There  are  four 
sacral  vertebrsB. 


Fio.  16.— Left  fore-foot  of  JHnocerat  Pio.  17.— Left  hind-foot  of  the 

ntirahilef  Marsh.  same.     Both   figures    are   one-fifth 

natural  size. 

The  Hind  Limbs, — ''The  hind  limbs  of  the  Dinocerata  have  a 
general  resemblance  to  those  of  Proboscidians,  but  the  bones  com- 
posing them  are  comparatively  shorter,  and  more  robust  When  the 
animal  was  standing  at  rest,  the  posterior  limb  formed  a  strong  and 
nearly  vertical  column. 

''The  hind  feet  were  considerably  smaller  than  those  in  front. 
.  .  .  •  There  were  five  digits,  as  in  the  Proboscidians,  and  the  axis 
of  the  foot  was  through  the  third,  or  middle,  digit. 

"  There  are  seven  well-developed  tarsal  bones  in  the  Dinocerata, 

and  their  relative  position  in  the  hind  foot  is  seen  in  Fig.  17 

An  eighth  tarsal  lK)ne,  the  tibiale,  appears  to  have  been  present 
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^  The  astragalus  in  the  Dinocerata  considerably  resembles  that  of 
the  Elephant,  the  bone  being,  as  in  that  animal,  very  short,  along 
the  axis  of  the  leg  and  foot. 

'<  The  oalcaneum  is  short,  and  comparatively  more  robnst  than  in 
the  Elephant  As  in  that  animal,  it  is  strongly  tuberculated> below, 
vhere,  during  life,  it  doubtless  supported  a  thick  pad,  resting  on 
the  ground." 

Restorations, — **  In  the  restoration  of  Dinoceras  mirahth,  the  re- 
mains of  the  type  specimen  of  the  species,  a  fully  adult,  but  not  old 
individual,  have  been  used  for  the  more  important  parts,  and  the 
remaining  portions  taken  from  other  individuals.  This  restoration 
is  one-eighth  natural  size.^  The  animal  is  represented  as  walking, 
«nd  the  position  of  the  head,  and  the  feet,  has  been  chosen  to  show, 
to  the  best  advantage,  these  portions  of  the  skeleton  as  they  were  in 
life.  In  this  restoration,  only  those  portions  are  shaded  which  are 
represented  by  actual  specimens  in  the  Yale  Museum.  The  parts 
in  outline  are  wanting,  or  are  so  poorly  preserved  that  only  their 
main  features  can  be  given  with  accuracy. 


Fio.  18. — Restoration  of  Tinoceras  ingtns.  Marsh.     One-thirtieth  natural  size. 

''  In  the  restoration  of  Tiiioceras  tngensy^  the  animal  is  represented 
one-sixth  natural  size,  and  standing  at  rest.  The  position  here 
chosen  shows  the  massive  and  majestic  form  of  one  of  the  largest 
individuals  of  this  remarkable  group."  A  reduced  copy  of  this 
restoration  is  given  in  Fig.  18. 

*'In  comparing  Dinoceras,  as  here  restored,  with  some  of  the 
largest  ungulate  mammals  of  the  present  day,  a  certain  resemblance 
to  the  Bhinoceros  on  the  one  hand,  and  to  the  Elephant  on  the  other, 
*  See  Pro!  Marsh's  Monograph,  pi.  Iv.  *  See  ibid.  pi.  IvL 

DBCADB   III. — TOL.    II. — KO.    V.  15 
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will  natnrally  snggest  itself.  In  size  and  pfopoitions,  Dinoeeras 
was  intermediate  between  these  two  existing  animals,  and,  in  varioiw 
points  of  its  structure,  it  resembled  the  (me  quite  as  much  as  the 
other.  In  still  other  features,  Dinoeeras  resembled  the  Hippopo- 
tamus. 

*'  III  its  stature  and  movements,  Dinoeeras  probably  resembled  the 
Elephant  as  much  as  any  other  existing  form.  Its  remarkable  skull, 
longer  neok,  and  more  bent  fore  limbs,  gave  it,  however,  a  very  different 
appearance  from  any  known  Pfoboscidian.  The  high  protuberances, 
or  horn-cores,  on  the  head,  the  long,  trenchant,  canine  tusks,  and  the 
peculiar  lower  jaw  modified  for  their  protection,  are  features  seen 
together  only  in  this  group. 

''The  neck  was  long  enough  to  permit  the  head  to  reach  the 
ground,  and  hence  a  proboscis  was  quite  unneoessaiy.  The  horizontal 
iiarial  opening,  the  long  overhanging  nasal  bones,  and  the  well- 
developed  turbinal  bones,  are  likewise  proof  positive  against  the 
presence  of  such  an  organ.  There  is  some  evidence  of  a  thick 
flexible  lip,  resembling,  perhaps,  that  of  the  existing  Rhinoceros. 

"  The  remarkably  small  brain,  and  the  heavy  massive  limbs,  indi- 
cate a  dull,  slow-moving  animal,  little  fitted  to  withstand  marked 
changes  in  its  environment,  and  hence  it  did  not  survive  the  altera- 
tions of  climate  with  which  the  Eocene  period  closed. 

"  Both  the  animals  chosen  for  these  two  restorations  were  evidently 
males,  as  shown  by  the  lofty  protuberances,  or  horn-cores,  on  the 
skull,  and  the  powerful  canine  tusks.  In  the  females,  these  parts 
are  but  feebly  developed,  as  shown  in  the  specimens  described  in  the 
preceding  chapters.  The  individuals  here  restored  were  certainly 
thrice-armed,  and  well  fitted  to  protect  themselves,  and  their  weaker 
associates,  from  any  of  their  Eocene  enemies. 

''  The  exact  form  and  nature  of  the  offensive  weapons  which  sur- 
mounted the  head  of  the  Dtnocerata  cannot,  at  present,  be  determined 
with  certainty.  That  the  paired  osseous  elevations  seen  on  the  skull 
in  all  the  known  species  of  this  group  did  not  support  the  kind  of 
horns  seen  in  the  typical  Buminants  is  evident  from  their  external 
surface,  which  lacks  the  vascular  grooves  so  distinct  on  the  hom- 
cores  of  those  animals.  t 

"Possibly,  the  Dtnocerata  may  have  been  armed  with  horns 
similar  to  those  seen  in  the  American  Antelope  (Antilocapra),  since, 
in  this  animal,  the  horn-cores  are  even  smoother  than  in  the  order 
here  described.  More  probably,  however,  the  bony  protuberances 
on  the  skull  were  covered  with  bosses  of  thick  skin,  hard  enough  to 
be  effective  in  combat.  Evidence  of  such  contests  has  apparently 
been  recorded  in  the  injuries  to  the  horn-cores  of  some  individuals, 
received  during  life.  None  of  the  covering  of  these  elevations,  or 
horn-cores,  has,  of  course  been  preserved  ;  yet  a  fortunate  discovery 
may,  perhaps,  reveal  their  nature  by  the  form  of  a  natural  cast,  as 
the  eye-ball  of  the  Oreodon  is  sometimes  thus  clearly  indicated  in 
the  fine  Miocene  matrix  which  occasionally  envelopes  these  animals. 

"  The  short  robust  feet  of  the  Dtnocerata  were  doubtless  covered 
below  with  a  thick  pad,  as  in  the  Elephant,  since  the  whole  under 
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tnde  of  the  foot  clearly  indicates  such  a  pirotection.  Ko  portion  of 
this  covering  has  been  preserved  in  any  of  the  known  specimens^ 
and  no  foot-prints  indicating  its  form  have  been  discovered  in  the 
Eocene  deposits  in  which  the  Dinoeerata  were  entombed." 

"  The  size  of  Tinoceras  ingens,  as  he  stood  in  the  flesh,  was  about 
twelve  feet  in  length,  or  sixteen  measured  from  the  nose  to  the  end 
of  the  tail.  The  height  to  the  top  of  the  back  was  about  six  feet 
and  one-half,  and  the  width  across  the  hips  about  five  feet.  The 
weight,  judging  from  that  of  existing  mammals,  was  about  six 
thousand  pounds. 

*'  JXnoceras  mirahile  was  about  one-fifth  smaller.  The  neck  was 
longer,  but,  in  other  respects,  the  proportions  were  nearly  the  same." 

In  conclusion  the  author  observes : — "  Our  present  knowledge  of 
the  Mammalia,  living  and  extinct,  clearly  indicates  that  they  must 
go  back  at  least  to  the  Permian.  The  generalized  mammal  of  that 
period,  or  of  still  earlier  time,  was  probably  quite  small,  and,  in 
many  respects,  like  an  Inseotivore.  This  primitive  type  would 
naturally  possess  all  the  general  characters  found  in  later  forms  in 
the  various  orders  of  mammals. 

"This  generalized  mammal  would  belong  to  the  group  named 
H^oiheria  by  Huxley,  who  has  laid  a  sure  foundation  for  investi- 
gation in  this  line  of  research." 

In  a  carefully  compiled  synopsis  Prof.  Marsh  enumerates  twenty- 
nine  described  species  of  Dinoeeraia,  of  which  seven  are  assigned 
to  Dinoceras,  seventeen  to  Tinoceras,  and  five  to  Uintathertum,  It 
contains  a  reference  to  every  publication  in  which  they  have  been 
respectively  described  or  noticed,  with  the  date  of  publication 
and  the  synonym.  It  is  illustrated  with  thirty-one  woodcuts 
representing  what  is  known  of  the  species,  or  of  some  characteristic 
point  in  the  cranial  structure.  This  Appendix  is  most  valuable 
for  the  student  of  this  interesting  group  of  Ungulates,  as  it  enables 
him  at  a  glance  to  find  the  where  and  the  when  of  all  that  has  been 
written  relating  to  them. 

Space  does  not  permit  us  to  dwell  more  fully  upon  this  most 
attractive  Memoir.  The  subject  of  the  evolution  of  the  Mammalia 
is  so  vast,  and  so  full  of  interest  to  the  palseontologist,  as  well  as  to 
the  zoologist,  that  Prof.  Marsh's  volume  is  sure  to  be  taken  up  by 
both  and  studied  with  the  attention  it  so  richly  deserves.  It  is  a 
pattern  of  completeness,  and  may  serv6  as  a  model  for  other  writers 
to  follow,  llie  author  modestly  observes  that  his  aim  has  been  to 
make  the  illustrations  tell  the  main  story  to  the  anatomist.  "  The 
text,"  says  Prof.  Marsh,  **  may  lose  its  interest  and  belong  to  the 
past,  but  good  figures  are  of  permanent  value  in  all  departments  of 
natural  science."  The  author  is,  we  think,  to  be  congratulated  upon 
tiie  excellence  of  both  text,  woodcuts  and  plates,  and  we  earnestly 
trust  that  both  life  and  energy  may  be  prolonged  to  Prof.  Marsh,  for 
many  years  to  come,  in  which  to  continue  this  most  splendid  scientific 
work. 

It  may  not  be  without  interest  to  our  readers  to  learn  that  Prof. 
Marsh  has  most,  generously  placed  a  fine  series  of  casts  of  skulls 
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and  bonegr  of  the.  JHnocerafa  iti  the  Geolo^o^l  Departtnent  of  tb» 
British  Miiseum  (Natural  History),  bo  that  we  can  now  form  from 
t^ieir  study  a  very  fair  idea  of  these  huge  Eocene  herbivores  once  so 
abundant  in  Central  North  America. 


II. —  UlflXEBSdKlfTKGAB    OFVRB    BhaCHIOPODERNA    I     SvEBOVS    EbIT* 

SYSTEM  AF  BsBNHABD  LuNDGBKN.     Med  3  Taflor  1  Ljustryck. 
•     (Ur  Lnnds  Universitets  Arsskrift.  t.  xx.) 

Desoriptions  op  the  Bbaohiopoda  in  the  Cbetaceous  Rocks 
OF  Sweden,  By  Bebnhabd  Lundgben.  With  Three  Photographed 
Plates.  From  Lund  University  Year  Book,  vol.  xx.  pp.  72. 
(Lund,  1886.) 

AS  an  introduction  to  this  valuable  monograph,  Prof.  Lundgren 
has  given  a  short  description  of  the  characters  of  the  Cretaceous 
rocks  of  Sweden,  which  is  not  without  interest  to  those  who  study 
the  group  in  this  country. ,  The  Swedish  Cretaceous  strata,  as  is 
well  known,  cover  an  extensive  area  in  the  Province  of  Sk^e,  at 
the  south  of  the  peninsula.  They  have  been  investigated  at  various 
times  by  such  authorities  as'Angelin,  Uebert,  Schliiter  and  others, 
but  owing  in  part  to  the  thick  coating  of  glacial  drift  which  conceals 
the  underlying  Chalk  from  observation,  and  in  part  to  the  very 
different  aspect  which  strata  of  the  same  geological  horizon  exhibit 
in  different  localities,  the  relative  position  of  the  different  beds  has 
not  been  definitely  settled. 

According  to  Prof.  Lundgren,  the  Cretaceous  strata  of  Sweden 
have  peculiar  petrographic  and  palaeontological  characteristics  in 
each  of  the  three  different  districts  of  Eristianstad,  Ystad  and 
MalmS.  That  of  Eristianstad,  to  the  north-east  of  the  province, 
principally  consists  of  Gruskalk  (that  is,  of  a  limestone  composed 
of  grains  resulting  from  the  breaking  up  of  the  shells  and  tests  of 
molluscs  and  echinoderms)  with  in  places  a  mixture  of  quartz-^and- 
grains  and  even  occasionally  boulders  of  metamorphic  rocks,  so  that 
the  Gruskalk  passes  sometimes  into  a  pure  sandstone,  or  even  a  coarse 
conglomerate.  Flints  are  not  abundant ;  they  occur  either  in  thin 
beds  or  nodules,  and  they  are  always  of  a  speckled  white,  and  never 
black  or  greenish-black  as  in  the  chalk  of  the  Malmft  district  In 
places  the  gneissoid  rocks,  which  formed  the  sea-bed  on  which  the 
Gruskalk  was  deposited,  ai-e  exposed  with  their  surfaces  covered 
with  naturally-attached  Polyzoa,  Spondylus,  etc  The  Eristianstad 
deposit  is  clearly  of  a  shallow-water  character.  Two  palaeonto- 
logical divisions  can  be  recognized  in  it ;  a  lower  characterized  by 
Actinocamax  subventricosus,  and  a  higher  by  Bdemniiella  mucranata. 
The  lower  division  has  only  been  recognized  elsewhere  out  of 
Sweden  in  East  Prussia,  and  it  is  thought  partially  to  correspond  to 
the  German  Quadraten-Ereide. 

The  Ystad  district  on  the  extreme  south  is  now  separated  from 
that  just  referred  to  by  a  broad  gneissoid  ridge,  which  probably 
existed  in  Cretaceous  times ;  the  boundaries  between  it  and  the 
Malmu  district  have  not  been  ascertained.     The  prevailing  rocks 
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are  inooberent  calcareous  sandstones  with  a  variable  quatitity  of  green 
grains,  whence  it  is  sometimes  oalled  a  greensand.  Subordinate  beds 
of  conglomerate,  mostly  of  Silurian  slates,  are  present ;  but  flints  are 
absent.  In  addition  to  the  same  divisions  which,  as  at  Kristianstad, 
are  characterized  by  A,  subveiUricoaus  and  B.  mueronaia,  there  are 
two  others  beneath  them ;  one  containing  Actinocamax  quadra  tus,  and 
the  other  A.  verm.  Borings  carried  to  a  depth  of  1300  feet  have  not 
penetrated  through  the  chalk  in  this  district. 

The  rocks  of  the  easterly  district  of  Malm6  resemble  those  of 
Denmark,  and  may  be  regarded  as  their  easterly  continuation.  The 
beds  are  of  pure  white  chalk  of  varying  degrees  of  hardness,  and 
layers  and  nodules  of  flint  are  abundant  in  it  The  flints  are  black 
or  greyish,  but  never  speckled.  The  genei-al  appearance  of  the 
chalk  in  this  district,  as  the  writer  can  testify,  resembles  very  closely 
the  chalk  at  Norwich.  The  Malraft  chalk  exceeds  600  feet  in  thick- 
ness, and  though  its  petrographio  chai*acters  are  so  strikingly  different 
from  those  of  the  other  districts,  the  presence  in  it  of  the  same 
typical  fossil,  Bdemnitella  mticroftato,  shows  that  it,  and  the  Gruskalk, 
and  sandstones  of  the  other  districts,  all  belong  to  the  same  geological 
horizon  of  the  Skrif  krita,  or  our  Upper  Chalk  with  flints. 

In  the  Malm5  district  the  Skrif  krita  or  U,pper  Chalk  is  overlaid 
by  higher  beds,  of  the  £tage  Danien  or  ''  Newer  Chalk,"  of  which 
three  different  varieties  are  described  by  Prof.  Lundgren,  who,  how- 
ever, regards  them  as  merely  different  aspects  of  the  same  contem- 
poraneous deposit  The  first  of  these,  the  Faxoe  or  coral  limestone, 
is  composed  largely  of  corals  which  appear  to  have  grown  in  $itu ;  it 
also  contains  Crustacea  (Dromia)  and  Gasteropods.  Flints  are  not 
present  in  it.  The  second  is  the  Limsten  or  polyzoa-limestone,  con- 
sisting of  entire  and  fragmentary  polyzoa,  corals,  and  other  organic 
remains,  which  have  been  rolled  and  rearranged  by  currents.  It 
also  contains  flints.  The  third  variety,  Saltholm  limestone,  is  a  more 
or  less  compact  limestone  with  beds  of  flint;  it  is  distinguished ^by 
its  Fishes,  Crustacea  {Glyphea)^  and  the  so-called  Ophiomorpha, 

In  all  these  different  varieties  of  the  Danien  or  Newer  Chalk 
BeUmnitella  mucronata  ^  and  other  forms  of  Belemnilea  are  absent ;  but 
they  all  contain  two  characteristic  fossils,  Ananchytes  sulcata  and 
Terebratula  len$y  which  are  respectively  very  closely  allied  to  A. 
ovaia  and  T.  eamea  of  the  Upper  Chalk.  Lundgren  does  not  think 
that  the  correspondence  of  these  Danien  beds  with  the  Maestricht 
Chalk  has  been  satisfactorily  proved,  since  in  the  latter  B.  mucronata 
is  present,  and  the  genera  and  species  of  corals  are  also  different ; 
and  he  is  disposed  to  accept  the  suggestion  of  Schl liter,  that  they  are 
rather  the  equivalents  of  the  most  recent  Ci'etaceous  beds  of  West- 
phalia, in  which  fishes  and  plants  are  present  but  no  Belemnites. 

Of  the  Braehiopoda  from  the  Upper  Chalk,  only  a  single  new 
species,  a  Liugula,  has  been  described,  but  there  are  16  new  forms 
from  the  other  horizons.     The  most  prolific  brachiopod  fauna  is  in 

*  Lyell  has  stated  that  this  species  occurs  in  the  Faxoe  limestone,  but  the  author 
aflbms  that  it  certainly  does  not  occur  in  this  deposit,  though  it  may  be  found  in  beds 
of  becondary,  «.#.  of  Glacial  origin  which  o?erlie  it. 
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the  division  with  Aetinoeamax  ventrieo$u$  in  the  KriBtiansttd  cliBtriot^ 
Fifty-five  species  and  varieties  aie  enumerated  in  the  aooompanying 
list,  of  which  only  a  small  proportion  appears  to  be  common  to  our 
English  Chalk.  The  genera  represented  are  Crania  (13  sp.)  ;  Bhyn* 
cAoiwWa  (lOsp.);  Terebralfda  {12  Bp.);  TerebraiuUna  {^  sp.) ;  Theci- 
dium  (8  sp.) ;  and  lAngula,  Waldheimia^  Trig<mo8ema  and  Terebralella^ 
each  with  a  single  species.  Lundgren  acknowledges  that  he  has 
defined  the  species  in  a  more  limited  sense  than  Davidson,  and  it  is 
quite  possible  that  our  great  English  authority  would  not  entirely 
indorse  the  specific  value  assigned  to  all  the  forms  here  described ; 
still  the  characters  assigned  to  the  species  and  varieties  are  very  care- 
fully and  fully  enumerated,  and  as  all  the  forms  are  thoroughly  and 
of  necessity  faithfully  illustrated  in  the  accompanying  photographed 
plates,  the  work  will  prove  of  great  value  in  comparing  the  Creta- 
ceous Brachiopoda  of  Sweden  with  those  of  our  own  and  other 
countries.  G.  J.  H. 

IIL~Undcr85knimgab  5fver  SiuansombIdets  Trilobitsfauna  af 
Sv.  Leonh.  Tobnquist.     Med  tre  Taflor. 

An  Examination  of  the  I'bilobitb  Fauna  of  the  Distbiot  of 
SiLJAN.  By  Sv.  Leon  Tobnquist.  With  three  Plates.  4to. 
pp.  101. 

THIS  monograph  contains  the  results  of  a  detailed  examination  of 
the  Trilobites  discovered  in  the  Silurian  basin  of  Siljan  in 
Dalecarlia.  In  all  113  species  and  varieties  are  enumerated,  includ- 
ing many  new  forms,  belonging  for  the  most  part  to  very  minute 
tvpes,  which  have  hitherto  escaped  notice,  probably  on  account  of 
their  small  dimensions.  As  a  general  rule  the  Trilobites  are  very 
fragmentary,  and  the  descriptions  mainly  rest  on  their  detached  heads 
and  pygidia.  A  tabulated  list  shows  their  respective  stratigraphical 
distribution  in  the  series  of  beds  which  range  from  the  Phyllograptus- 
shales  up  to  the  Leptsena-Ealk,  which  the  author  believes  to  be 
relatively  slightly  older  than  the  Wenlock  Shale.  The  new  species 
are  all  figured,  and  the  careful  manner  in  which  the  various  forms 
are  described  renders  this  work  of  special  value  for  comparison  to 
students  of  this  group,  as  it  well  illustrates  the  distribution  of  the 
Trilobites  in  a  particular  limited  area.  G,  J.  H. 


IV. — Contbibutions  to  the  Tebtiaby  Geology  and  PALiBONTOLOOT 
OF  THE  United  States.  By  Anoblo  Heilpbin.  4to.  pp.  1-4 
(unnumbered)  and  1-117.  One  Plate.  (Philadelphia,  the 
Author,  1884) 

THE  volume  is  a  prefaced  reprint  of  several  independent  treatises, 
viz. — "  I.  The  Tertiary  Geology  of  the  Eastern  and  Southern 
United  States  "  (Joum.  Acad.  Nat.  Sci.  Phil.  1884,  2nd  ser.  vol.  ix. 
pp.  115-154) ;  '*IL  On  the  Relative  Ages  and  Classification  of  the 
Post-Eocene  Tertiary  Deposits  of  the  Atlantic  Slope"  (Proc.  Acad. 
Nat  Sci.  Phil.  1882,  vol.  xxxiv.  pp.  150-186) ;  « III.  On  the  Strati- 
graphical  Evidence  afibrded  by  the  Tertiary  Fossils  of  the  Peninsula 
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Post- 
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FORBION  EaUITALEKTS. 

PUooene. 

? 

P 

Carolinian 

(Upper  Atlantic 

Miocene.) 

Deposits  of  Nori^  and  South 
Carolina  (**  Sumpter  *'  epoch 
of  Dana). 

Diestian  P 

Miocene. 

Virginian 

(Middle  Atlantic 

Miocene.) 

Deposits  of  Viiginia,  and  the 
newer  group  in  Maryland 
(••  Yorktown"  epoch,in  part, 
of  Dana). 

Probably  of  the  age  of  the 
«* Second  Mediterranean"  of 
the  Austrian  eeolo^:ists,  and  of 
the  faluns  of  Touraine ;  Caroni 
beds  of  Trinidad ;  and  Miocene 
of  San  Domingo,  Jamaica,  and 
CumanaP 

Marylandian 

(Lower  Atlantic 

Miocene.) 

Older   Miocene    deposits    of 
Maryland,  and  possibly  the 
lower     beds     in    Virginia 
(»*Yorktown*'    epoch,    in 
part,  of  Dana). 

Probably  (or  at  least  partially) 
the  equivalent  of  the  ♦*  First 
Mediterranean"  of  the  Aus- 
trian geologists  and  of  the 
faluns  of  Leognan  and  Saucats. 

Oligocene. 

Orbitoitic 

Strata  characterized  by  species 
of    OrbitoidM,      Vicksburg 
beds,    Florida    nummulitic 
beds,  etc. 

Aquitanian.  Deposits  of  Crosara 
and  Castel  Gomberto  (Vicen- 
tin),  Oligocene  of  the  Mayence 
Basin,  sands  of  Fontainebleau, 
lower  limestone  of  Malta, 
Fernando  beds  on  Trinidad, 
Antigua,  Chert,  St.  Bartholo- 
mew Oligocene. 

Jacksontan. 

Jackson  beds  of  Mississippi. 
«•  White     Limestone "     of 
Alabama. 

Barton  Cky(Bartonian).  Sands 
of  Beanchamp  P 

Eocene. 

Claibomian. 

Fossiliferoos  arenaceous  de- 
posit of  Claiborne,  Ala.,  etc. 

Age  of  the  **  Calcaire  Grossier" 
of  France  (Parisian). 

Buhrstone. 

Beds  below  the  true  Claibor- 
nian  on  the  Alabama  River, 
**  Chalk    Hills »'     of    the 
southern  part  of  the  State, 
etc.  "Sificeoos  Claiborne'* 
(Uilgard)    of    Mississippi. 
Maryland  £ocene,  in  part  F 

Londonian  P 

Eo-Iignitio. 

Lignite,  sands  and  clays  situ- 
ated  at   the   base   of  the 
Tertiary  Series  in  Alabama, 
etc.    Marlborough  and  IHs- 
cataway  beds  of  Maryland  ? 
Shark  Kiver  deposits  of  New 
Jersey. 

Thanetian  P  Bognor  rook  P 
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of  Maryland"  {ibid.,  1880,  toI.  xxxii,  pp.  20-33);  "IV.  On  the 
Occurrence  of  Nnmmnlitic  Deposits  in  Florida,  and  the  Association 
of  Nummvlttes  with  a  Freshwater  Fauna"  (ibid.  1882,  vol.  xxxlv. 
pp.  189-193)  ;  "  V.  A  Comparison  of  the  Eocene  Tertiary  Mollusca 
of  the  South- Western  United  States  and  Western  Europe  in  relation 
to  the  Determination  of  Identical  Forms  "  (ibid.  1879,  vol.  xxxi.  pp. 
r^  211-216) ;  and  "  VI.  On  the  Age  of  the  TejotKRocks  of  California, 
and  the  Occurrence  of  Ammonitic  Remains  in  Tertiary  Deposits  " 
{ibid.  1882,  vol.  xxxiv.  pp.  196-214). 

In  the  first  of  these  Mr.  Heilprin  collects  the  essence  of  the 
scattered  literature  of,  and  summarizes  his  own  investigations  npon, 
the  Atlantic  and  Gulf  Temtories.  The  deposits  prevail  over  a 
zone  of  25,200  miles  wide,  skirting  the  coast  from  northern  New 
Jersey  to  Mexico,  augmented  by  the  Floridian  peninsula  and  the 
Mississippi  embayment.  In  the  north  the  beds  are  mainly  incoherent 
sands  (siliceous,  calcareous,  and  glanoonitic),  clays,  and  marls, 
while  in  the  south  lithification  is  common,  particularly  in  the  older 
members.  In  general,  strikes  are  roughly  parallel  to  the  coasts,  and 
the  gentle  dips  seaward.  Only  slight  and  simple  diastrophism  has 
affected  the  region  since  Tertiary  deposition  was  initiated. 

The  author's  conceptions  of  stratigraphic  sequence  and  equivalence 
are  expressed  in  the  taxonomic  table,  reprinted  on  p.  231 ;  the  dis- 
tribution of  the  several  members  recognized  is  approximately  shown 
on  a  small  scale  map.  In  text  and  map,  Hilgard's  doubtful  reference 
of  the  ** Grand  Gulf"  formation  to  the  Miocene  is  adopted:  but  the 
interesting  Pliocene  or  early  Quaternary  "  Port  Hudson  "  is  neglected, 
as  is  also  the  Pliocene  (?)  "  Glass  Sand  "  of  New  Jersey  and  Long 
Island.  Identification  and  correlation  are  essentially  paisBontologic ; 
the  diastrophic  and  geomoi'phic  phenomena  whereby  the  formations 
in  question  must  ultimately  be  coordinated  are  ignored ;  and  corre- 
lation with  the  western  territories  is  not  attempted. 

The  scope  of  the  subordinate  articles  is  indicated  by  their  titles. 
Their  substance  is  incorporated  in  the  general  discussion. 

The  volume  is  unfortunately  without  index  or  other  conspectus  of 
contents  than  a  list  of  articles,  the  data  for  the  discussions  are 
predominantly  bibliothecal,  the  style  is  verbose,  and  the  map  is 
crude ;  yet  in  its  assimilative  function  the  leading  treatise  will  prove 
valuable  alike  to  foreign  readers  and  local  investigators.       W.  J.  M. 


I. — Geolooioal  Society  of  London. 

L— March  25,  1885.— Prof.  T.  G.  Bonney,  D.Sc.,  LL.D.,  F.R.S., 
President,  in  the  Chair, — The  following  communications  were  read  : 

1.  "  On  the  Relationship  of  Ulodendron,  Lindley  and  Hutton,  to 
Lepidodendron,  Sternberg,  Boihrodendron,  Lindley  and  Hutton, 
Sigillaria,  Brongniart,  and  Bhytidodendron,  Boulay."  By  Robert 
Kidston,  Esq.,  F.G  S. 

The  author  commenced  by  expressing  an  opinion  that  the  so- 
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(Called  genas  t7Zo£2efi(2ron  of  Lindley  and  Hutton  comprised  specimens 
belonging  to  several  species  and  even  to  different  genera.  Unless 
the  outer  surface  of  the  bark  is  well  preserved,  stems  of  Giathrarian 
Sigillaria  and  Zepidodendra  are  nndistinguishable ;  but  species  of 
Uiodendron  have  been  in  several  cases  founded  on  decorticated 
examples,  and  distinguished  by  such  characters  as  the  size  of  the 
Ulodendroid  scar.  The  three  species  which  have  furnished  most  of 
the  specimens  described  as  Ulotiendron,  and  to  the  description  of 
which  the  present  paper  is  chiefly  devoted,  are  Lepidodendron  VeU 
theimianum,  Stemb.,  SigiUarta  diacophora^  Konig,  sp.,  and  S.  Taylori. 

The  author  first  gave  an  epitome  of  the  views  of  previous  writers 
on  Uiodendron ;  and  secondly,  described  the  specimens  belonging  to 
the  species  named  that  he  had  been  able  to  examine. 

The  third  part  contained  the  general  conclusions  as  to  the  nature 
of  Uiodendron  at  which  he  had  arrived.  He  commenced  by  defining 
the  four  genera  Lepidodendron^  LepidopMoioBy  Sigillaria,  and  Ithy' 
Udodendron,  as  distinguished  by  the  characters  of  their  leaf-scars, 
and  showed  that  Lepidodendron,  Sigillaria,  and  Hhy Udodendron 
occasionally  exhibit  large  scars,  arranged  in  two  opposite  vertical 
rows.  These  are  the  Ulodendroid  scars.  They  marked,  in  the 
author's  opinion,  the  point  of  attachment  of  a  caducous  appendicular 
organ,  which  had  in  a  very  few  oases  been  found  in  position.  These 
appendicular  organs  were  probably  sessile  cones.  Details  were  given, 
showing  the  progressive  development  of  the  scars,  the  obliteration 
of  the  normal  leaf-scars  by  the  appendicular  organs,  and  the  branch- 
ing of  Ulodendroid  stems. 

The  concluding  portion  of  the  paper  contained  the  synonymy  at 
length  and  full  descriptions  of  three  fossil  plants,  Lepidodendron 
Veltheimianum,  Sigillaria  di$eophora,  and  S.  Taylori,  together  with 
the  horizons  and  localities  in  which  they  have  been  found  in  Britain, 
Boihrodendron  was  shown  to  be  a  decorticated  form  of  Ulodendroid 
stem,  and  Knorria  a  cast  of  the  case  of  Lepidodendron. 

2.  '*0n  an  almost  perfect  Skeleton  of  Rhyiina  giga8^:^Ithytina 
Stdleri  (*  SteUer's  sea-cow ')  obtained  by  Mr.  Robert  Damon,  F.G.S., 
from  the  Pleistocene  Peat-deposits  on  Behring's  Island."  By  Henry 
Woodward.  LL.D.,  F.R.S.,  F.G.S. 

The  author  spoke  of  the  interest  which  palaeontologists  must 
always  attach  to  such  animals  as  are  either  just  exterminated,  or 
are  now  in  course  of  rapid  extirpation  by  man  or  other  agents.  He 
referred  to  the  now  rapid  destruction  of  all  the  larger  Mammalia, 
and  expressed  his  opinion  that  the  African  Elephant,  the  Giraffe,  the 
Bison,  and  many  others,  will  soon  be  extirpated  unless  protected 
from  being  hunted  to  death.  The  same  applies  to  the  Whale-  and 
Seal-fisheries. 

He  drew  attention  to  a  very  remarkable  order  of  aquatic  animals, 
the  Sirenia,  formerly  classed  with  the  Cetacea  by  some,  with  the 
Walruses  and  Seals  by  others,  and  by  De  Blainville  with  the  Ele- 
phants. He  particularly  drew  attention  to  the  largest  of  the  group, 
the  Bhytina,  which  was  seen  alive  and  described  by  Steller  in  1741. 
It  was  then  confined  to  two  islands  (Behriug*s  Island  and  Copper 
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Island).  In  forty  yean  (1780)  it  was  tinHjwnil  to  liAve  been  entirely 
extirpated.  It  was  a  toothlesB  QeHbtrore,  living  along  the  shore  in 
shallow  water,  and  was  ^MNiiy  taken,  being  without  fear  of  man.  Its 
flesh  was  ^nsd,  «aid  it  weighed  often  as  muoh  as  3  or  4  tons. 

The  author  then  described  some  of  the  leading  points  in  the 
anatomy  of  Bhylina,  and  indicated  some  of  the  characters  by  which 
the  order  is  distinguished.  He  referred  to  the  present  wide  dis- 
tribution of  the  Sirenia: — Manatus  with  three  species,  namely,  If. 
latiroBtriSy  occupying  the  shores  of  Florida  and  the  West  Indies ; 
if.  americanuBy  the  coasts  of  Brazil  and  the  great  rivers  Amazon 
and  Onnoco ;  M,  senegalensis,  the  West  Coast  of  Africa  and  the  rivers 
Senegal,  Congo,  etc.  Halicore  with  three  species,  namely,  H.  taher^ 
naculi,  the  Bed  Sea  and  East  coast  of  Africa;  H.  dugong,  Bay  of 
Bengal  and  East  Indies ;  K  austraUsy  North  and  East  Australia. 

The  fossil  forms  number  thirteen  genera  and  twenty-nine  species, 
all  limited  to  England,  Holland,  Belgium,  France,  Germany,  Austria, 
Italy,  Malta,  and  Egypt,  and  to  the  United  States  and  Jamaica. 

The  author  noticed  the  dentition  of  the  fossil  species,  of  which 
Ealitherium  and  FroraatomuB  are  the  two  most  remarkable  types. 

Lastly,  with  regard  to  the  geographical  area,  occupied  at  the 
present  day  by  the  Sirenia,  the  auSior  pointed  out  that  two  lines 
drawn  30°  N.  and  30°  South  of  the  Equator,  will  embrace  all  the 
species  now  found  living.  Another  line  drawn  at  60°  N.  will  show 
between  30°  and  60°  N.  the  area  occupied  by  the  fossil  species. 

He  looked  upon  Ehytina  as  a  last  surviving  species  of  the  old 
Tertiary  group  of  Sirenians,  and  its  position  as  marking  an  "  ouUier  " 
of  the  gi'oup  now  swept  away.  The  greater  northern  extension  of 
the  group  seems  good  evidence  of  the  once  warmer  climate  enjoyed 
by  Europe,  Asia,  and  America  in  the  Tertiary  epoch. 


II.-^Oerman  Geologioal  Society. 

ITie  following  is  an  abstract  of  a  paper  "  On  the  Limits  op  the 
Zechstein  Formation  and  op  the  Dyas  in  General,"*  by  Geh. 
HopRATH  Professor  Dr.  H.  B.  Geinitz,  etc.,  read  before  the 
German  (Jeological  Society  in  September,  1884. 

1.  The  Upper  Limit  of  the  Zechatein  Formation. — ^The  uppermost 
member  of  the  Zechstein  is  defined  as  the  *'  Plattendolomit "  with 
Schizodua  Schlotheimi  (Gein.),  Aueella  Hauemanni  (Goldf.),  and  a 
few  other  rarer  fossils ;  not  the  overlying  Builterschiefer  of  Murchison 
or  the  so-called  upper  variegated  shales  (Z.  o.  3)  of  the  maps  of  the 
Geological  Surveys  of  Saxony  and  Prussia.  Extensive  erosion  of 
the  upper  beds  of  the  Plattendolomit  produces  a  general  discordancy 
between  them  and  the  overlying  shales  and  thin-bedded  sandstones ; 
it  is  only  where  this  b  not  observable  or  is  observable  to  only 
a  slight  extent  that  anything  like  concordancy  between  them  is  to 
be  observed.  The  published  works  of  previous  observers  (Gutbier, 
Naumann,  von  Cotta,  and  Emmrich)  are  quoted  as  establishing  these 
facts.     The   author  then   proceeds   to  describe  additional  sections 

^  See  NoTft  Acta  Acad.  Leopoldina  xxL  1885. 
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whloh  he  ezamiDed  during  last  year,  in  oompaDj  with  Herr  Ditt- 
marsch.  Very  clear  seotiooal  drawings  of  six  of  these  are  included 
in  the  paper,  two  of  which  represent  sections  near  Meerane  in 
Saxony,  These,  with  the  descriptions  of  them,  agree  in  character 
with  those  noticed  by  the  translator,  in  the  Quart  Joum.  of  the  Qeoh 
800.  v^  xL  p.  3dlp  and  this  agreement  is  pointed  oat 

The  theory  advocated  by  KiBie  writers,  that  ^l^e  circulation  of 
water  between  the  strata  of  the  Plattendolomit  has,  by  internal 
erosion  of  the  beds,  produced  cavities  into  which  the  overlying  beds 
have  sunk,"  is  criticized  and  shown  to  be  inconsistent  with  the 
observed  facts. 

The  author  next  points  out  that  unless  we  are  to  class  the  whole 
of  the  Bunter  with  the  Zechstein,  against  which  there  are  insuper- 
able objections  on  palsaontological  grounds,  it  is  impossible  (and  the 
impossibility  is  acknowledged  by  his  colleagues  of  the  Geological 
Survey)  to  draw  any  boundary-line  whatever  between  the  Zechstein 
and  the  Bunter«  The  fossil-evidence  recently  found  by  the  author 
in  the  Meerane  district  in  the  regularly  stratified  beds  of  sandstone 
in  the  limestone  quarry  next  the  village  of  Grotenleite,  in  a  position 
less  than  a  metre  above  the  eroded  surface  of  the  Plattendolomit,^  is 
next  described,  and  the  close  resemblance  of  the  numerous  Saurian 
footprints  discovered  by  the  author  last  summer  in  that  locality  with 
those  of  ChiroaauruB  Barthi  and  Chirotherium  QetniUi  in  the  Univer- 
sity Museum  at  Jena  and  elsewhere  is  pointed  out  As  in  company 
with  the  latter  there  was  found  a  somewhat  larger  and  coarser  but 
otherwise  similar  form  to  RhtzocoraUium  jenense  of  the  lower  Wellen- 
kalk,  so  here,  immediately  above  the  Plattendolomit,  the  same  asso- 
ciation of  undoubted  Triassic  forms  was  met  with.  In  addition  to 
these,  the  author  also  mentions  the  occurrence  of  a  few  horseshoe- 
shaped  reliefs  on  the  bedding-planes  of  the  sandstones,  which  he  con- 
siders to  be  vegetable-remains,  and  these  bear  the  closest  resemblance 
to  certain  forms  which  have  been  described  by  Koch  and  E.  Schmid 
from  the  Bunter  Sandstone  of  Jena.  [Those  who  know  the  district 
about  Jena  will  see  the  force  of  this  comparison.]  These  remains 
are  now  open  to  the  inspection  of  geologists  in  the  Dresden  Museum. 
"  Though  these  are  as  yet  so  sparingly  met  with  (says  Geinitz),  yet 
they  prove  that  the  variegated  shaly  sandstones  (Z.  o.  3)  belong  to 
the  Bunter  and  not  to  the  Zechstein." 

"  In  other  districts,  where  also  the  lower  members  of  the  Zechstein 
are  developed,  local  disturbances  of  the  original  stratification  have 
occurred,  partly  through  subsidences  of  the  Plattendolomit  in  con- 
sequence of  the  solution  of  gypsum  and  rock-salt,  partly  through 
the  elevation  of  the  strata  in  consequence  of  the  gradual  conversion 
of  anhydrite  into  gypsum.  Excellent  examples  of  this  occur  in  the 
neighbourhood  of  Gera,  and  at  Posneck  and  Oppurg  in  Thiiringen ; 
yet  in  all  these  cases  a  similar  unconformable  order  of  deposition  of 
the  lower  Roth  (the  lowermost  Bunter  strata)  upon  the  upper  Zech- 
stein is  repeated."     These  instances  are  described  in  detail  in  the 

^  Comp.  Gbol.  Mao.  December,  1884,  where  a  quotation  is  made  from  a  letter  of 
Geinits  on  thia  Bubjeot. 
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paper,  as  are  also  others  at  Qurapelstadt,  N.E.  of  Salznngen,  and  ill 
the  neighbourhood  of  the  Lower  Warth.  In  the  latter  Jocality  the 
red  shales  and  thin-bedded  sandstones  are  stratified  around  highly 
inclined  strata  of  Plattendolomit  and  a  reef  of  Eauchwacke  (Middle 
Zechstein).  The  relation  of  the  Bunter  to  the  Zechstein  as  it  is 
exhibited  at  Oopelskuppe  near  Eisenach  is  also  noticed,  and  refer- 
ence is  made  to  the  accurate  demonstration  of  it  by  J.  G.  Bornemann 
(Jahrb.  d.  k.  prenss.  geolog.  Landesanstalt,  1883),  as  well  as  the 
description  of  it  in  Quart.  Joum.  Qeol.  Soc.  yol.  xl.  p.  803  et  aeq, 
by  the  translator. 

From  the  evidence  cited,  the  author  concludes  that  the  so-called 
tipper  variegated  shales  and  thin  sandstones  of  the  Saxon  and 
Prussian  maps,  which  correspond  to  the  Bunterschiefer  of  Murchi- 
Bon,  belong  not  to  the  Zechstein,  but  to  the  Bunter  Sandstone,  so 
that  '*  an  important  member  of  the  Permian  Formation  (in  Murchi- 
Bon's  sense)  is  taken  away,  and  there  remains  of  that  Palsdozoio 
Tubs,  which  that  deceased  author  defined  as  his  Permian,  only  a 
dual  system  or  Dy6w." 

2.  The  Lower  lAmit  of  the  Zechstein  Formation, — ^Wherever  a  com- 
plete development  of  the  Marine  Zechstein  Formation  is  exhibited, 
the  Weissliegende  (Grauliegende,  Zechstein  Conglomerate  of  Beyrich) 
forms  the  lowest  member.  This  stratum,  varying  in  thickness  from 
a  few  centimetres  to  several  metres,  contains  an  extraordinary  marine 
fauna,  among  which  are  found  &s  characteristic  species,  Productns 
Cancrini  (de  Vem.),  Strophaloeia  Leplatfi  (G^ein.),  Bhynchonella 
Oeinitzi  (de  Vem.),  and  Peeten  serieeua  (de  Vem.).  Thus  the  Weiss- 
liegende is  distinguished  principally  from  the  Rothliegende,  the 
nature  of  which  is  determined  by  association  of  the  littoral  character 
of  its  sedimentary  materials  with  eraptive  rocks.  Freiesleben,  Dr. 
Liebe  of  Gera,  Dr.  Senft  of  Eisenach^  and  other  writers  are  quoted 
in  support  of  this  view. 

The  position  of  the  upper  Hothliegende  as  a  lateral  equivalent  in 
some  localities  of  the  true  Middle  and  Lower  Zechstein  is  touched 
upon,  and  its  occurrence  in  relation  to  the  latter  on  the  north-west 
side  of  the  Thiiringerwald  is  pointed  out  (see  Quart.  Joum.  Geol. 
Soc.  loe,  eit,  and  Senft,  Zeitschr.  d.  deutsch.  Geol.  Gesellsch.  Bd.  x. 
p.  333,  Taf.  ix.  fig.  9).  "The  opponents  of  this  view,"  adds  Geinitz, 
*'  have  hitherto  offered  no  explanation  of  the  facts  observed." 

3.  The  Lower  Boundary  of  the  Dya$  in  General. — Where  the 
massive  grey  conglomerate  of  the  Lower  Rothliegende,  or  the  ante- 
porphyritic  stage  of  Naumann,  overlies  the  Goal-measures  unconform* 
ably,  as  it  does  in  the  district  of  Zwickau  and  other  places  in  the 
basin  of  the  Erzgebirge,  the  boundary  between  the  Dyas  and  the 
Carboniferous  appears  very  clearly  defined.  In  other  places,  as  in 
the  Plauenscher  Grund  near  Dresden,  where  the  discordancy  is  less 
pronounced,  the  grey  conglomerate  zone  still  rests  upon  the  eroded 
surfaces  of  the  previously  indurated  Coal-measures,  in  such  a  manner 
as  to  remind  us  of  the  way  in  which  the  eroded  strata  of  the  Platten- 
dolomit are  overlain  by  the  thin  strata  of  the  Bunter.  In  some 
places  the  massive  Brandschiefer  (bituminous  shales)  overlie  the 
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Coal-measures,  and  contain  even  feeble  black  seams  -  of  coal.  -  In, 
^uch  cases  the  boundary  is  well  indicated  by  the  presence  of  the 
characteristic  flora  and  fauna  of  the  Lower  Rothliegende,  Walchta 
piniformis  (Schl.),  W,  jUiciformis  (Schl.),  Odontopteria  obiuaHoha 
(Naura.),  Calltpteris  confer  la  (Stbg.),  Calamites  gigaa  (Bgt.),  and, 
other  characteristic  plant-forms,  or  by  such  characteristic  fish-remains 
as  Acanlhodea  gracilis  (Rom.),  Xenaeanthus  Decheni  (Beyr.),  PalcBo- 
ntBcuB  angmtuB  (Ag.)  and  others. 

4.  On  the  Integral  Character  (Selbstandigkeit)  of  the  Dyas  as  a 
**  Terrain  "  or  "  System "  (newer  nomenclature  of  the  International 
Geological  Commission). 

"  We  are  now  pretty  generally  convinced  from  such  evidence  as 
is  described  above  that  the  strata  of  the  Dyas  (or  Permian)  mark 
the  close  of  the  Palaeozoic  series  of  formations,  as  was  admitted, 
in  fact,  by  the  celebrated  Sir  R.  I.  Murohison ;  it  remains  however 
still  a  question  whether  the  Dyas  or  Permian  shall  maintain  its 
position  as  an  independent  system,  or  should  be  subordinated  to  the 
Carboniferous,  perhaps  under  the  name  of  Post-Carboniferous  ("  Post- 
carbon").  This  was  not  definitely  settled  at  the  sittings  of  the, 
International  Commission  for  Geological  Nomenclature,  etc.,  at 
Bologna  in  1883,  and  the  question  remains  to  be  decided  at  the  next^ 
International  Congress  at  Berlin. 

"For  a  satisfactory  answer  to  the  question  it  must  be  referred 
primarily  to  the  Gennan  geologists,  since  it  is  in  the  German  area 
that  the  greatest  and  most  significant  changes  took  place  in  the 
Dyas  period,  especially  in  the  construction  of  continental  deposits 
(Festlandbildungen) ;  the  views  of  the  Russian,  English,  and  North 
American  geologists  have  also  to  be  considered,  since  in  those 
countries  discovery  has  followed  quickly  upon  discovery  in  the 
region  of  the  Dyas  in  most  recent  times. 

'*  The  richest  fauna  and  flora  of  the  Dyas  is  certainly  to  be  seen 
in  the  Royal  Mineralogical  Museum  in  Dresden,  where  perhaps 
geological  confreres  will  be  convinced  that  even  from  a  palsBonto- 
logical  point  of  view  our  Dyas  deserves  the  same  recognition  as  an 
independent  Terrain  or  System,  as  the  Devonian  in  comparison  with 
the  Silurian,  and  that  notwithstanding  the  fact  that  several  species 
pass  upwards  from  the  Silurian  to  the  Devonian."  A.  Ibvikq. 


COI^I^ESI^OITX)EIfT:CE. 


NOTE  ON  SOME  8IWALIK  BONES  ERRONEOUSLY  REFERRED  TO  A. 
STRUTHIOID  {DR0MJEU8  (?)  SIVALENSISy  LTD.). 

Sib, — ^In  examining  the  collection  of  Mammalian  remains  in  the 
British  Museum  for  the  purpose  of  cataloguing,  I  have  come  across 
certain  specimens  from  the  Siwalik  Hills,  which  have  convinced 
me  that  the  phalangeals  described  and  figured  in  the  **  Paleeontologia 
Indica"  (Mem.  Geol.  Surv.  India),  ser.  10,  voL  iii.  pp.  145,  146, 
pi.  xiv.  figs.  2,  4,  5,  6  (1884),  as  belonging  to  a  Struthioid,  and 
named  JDronueua  (f)  sivalensis,  are  not  Avian  at  all,  but  belong  to  one 
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of  the  latehd  digits  of  the  fore-foot  of  an  Artiodactjle  Ungulate 
allied  to  the  Hippopotamus.  The  genus  Dromons  mast  therefore 
be  expunged  from  the  Siwalik  fauna. 

I  regret  having  made  this  unfortunate  misidentification ;  but  am 
glad  to  take  this  early  opportunity  of  oorrecting  it.  A  note  to  the 
same  effect  will  appear  in  the  Introduction  to  the  volume  of  the 
**  Palsdontologia  Indica,"  quoted  above,  on  its  completion. 

B.  Ltdekkbr. 


SUBTERRANEAN  CONTOURING  ON  GEOLOGICAL  MAPS. 

Sib, — The  notice  in  your  March  number,  by  my  friend  Professor 
Benjamin  Smith  Lyman,  of  Northampton,  Mass.,  r^arding  this 
means  of  expressing  the  underground  configuration  of  stratified 
deposits  would,  I  venture  to  think,  have  attracted  wider  attention  if 
it  had  dealt  as  fully  with  the  manner  of  construction  as  it  does  with 
the  results  to  be  gained. 

A  long  acquaintance  with  Professor  Lyman's  own  use  of  this 
system  in  the  number  of  beautifully  constructed  maps  which  he  has 
produced  of  Japanese  and  other  geological  regions  must  be  my 
excuse  for  pointing  out  that,  while  the  employment  of  the  system  on 
a  large  scale  by  another  American  geologist  (in  the  Pennsylvania 
anthracite  coalfield)  is  certainly  evidence  in  his  favour,  the  important 
circumstsmces  stated  in  the  second  sentence  quoted  from  Mr. 
Ashbumer's  report  have  an  essential  bearing  upon  the  usefulness  of 
these  contour  lines.  The  quotation  reads  thus : — **  The  data  which 
are  available  for  the  construction  of  these  maps  are  very  extensive 
and  very  accurate."  This  beings  so,  few  will  doubt  that  in  such  a 
case  plans  showing  true  underground  contours  of  coal  beds,  etc., 
would  be  most  valuable  charts  for  the  guidance  of  all  kinds  of 
mining  operations.  But  granting  this  involves  the  consequence  that, 
where  the  data  are  neither  extensive  nor  accurate,  the  results  will  be 
hypothetical  and  may  be  even  largely  based  upon  the  safety  of 
assertions  which  there  is  no  evidence  to  contravene,  albeit  there  may 
still  be  ample  room  for  doubt. 

The  forms  and  curvatures  assumed  by  contorted  strata  varying 
infinitely,  it  seems  to  me  we  may  speculate  upon,  but  cannot  predict, 
the  continuity  of  any  conditions  at  depths  beyond  the  reach  of  direct 
observation.  We  may  trace  an  ellipsoid  formed  at  the  surface  by 
the  outcrop  of  a  synclinal  basin,  but  without  further  information  we 
can  scarcely  foretell  whether  the  interior  rocks  are,  or  are  not,  folded 
again  and  again  into  anticlinal  and  synclinal  curves,  overfolded  or 
faulted,  thinned  away  or  crushed  out 

If  what  we  call  contortions  had  as  uniform  proportions  as  basins, 
saucers,  spoons  or  even  casks,  from  any  section  of  which  some- 
thing might  be  presumed  regarding  the  size  and  shape  of  other 
portions  concealed,  the  theory  of  these  contour  lines  would  be 
complete ;  but  as  neither  the  shape  nor  size  of  a  contortion  has 
relation  to  any  standard,  I  do  not  see  the  advisability  of  laying  down 
upon  ordinary  geological  maps,  with  the  semblance  of  accuracy,  what 


Digitized  by 


Google 


Corretipondence—iyr.  W.  T.  Btmifbrd.  239 

are  merely  po88%b!e  posittonst  amongst  many  others  at  which  a  oon- 
oealed  stratum  might  be  fomkc^ 

This  element  of  unoevtaihity,  it  is  true,  affects  the  absolute  accuracy 
of  many  geological  sections,  if  not  of  most — in  an  unavoidable  way, 
for  which  reasett  ft  would  be  wiser  to  reduce  than  to  multiply  sources 
pf  error. 

A  geological  map  is  in  a  sense  pictorial,  and  the  more  so  the  more 
easily  understood:  competing  interests  destroy  such  pictures  as 
contain  them  by  creating  confusion ;  hence,  is  it  not  better  to  struggle 
on  with  existing  difficulties  in  order  to  convey  surface  observations 
intelligibly,  than  seek  to  overlay  our  maps  with  a  complex  of  sub- 
terraneous assertions — save  where  necessity  and  data  may  both  exist, 
as  in  the  case  of  mining  plans  for  special  purposes. 

Supplementing  facts  with  fancies  may  possess  a  charm,  but  the 
tendency  is  dangerously  apt  to  degenerate,  or  lead  us  into  paths 
which  geological  observers  of  orthodox  principles  are  as  yet  not 
imperatively  called  upon  to  tread. 

Lest  these  remarks  should  be  considered  captious,  let  me  express 
a  hope  that  Professor  Lyman  will  further  favour  your  readers  with 
information  as  to  how  the  positions  for  contours  may  be  accurately 
ascertained  at  depths  far  removed  from  observation,  amongst  highly 
contorted  or  disturbed  strata?  And  also  as  to  whether  he  would 
advise  the  use  of  distinct  plans  on  which  to  record  the  positions  of 
the  contours  at  the  various  depths,  when  ascertained. 

Kingstown,  March  IIM,  1885. 


THE  CLASSIFICATION  OF  THE  JURASSIC  SYSTEM. 

Sir, — If  Mr.  Jukes-Browne  is  satisfied  with  the  argument  that 
because  a  lithological  change  does  take  place,  in  England,  France 
and  Germany,  about  the  line  of  division  between  the  Cornbrash  and 
Oxfordian,  therefore  this  is  a  good  line  of  separation  between  Middle 
and  Upper  Jurassics,  and  one  with  which  most  English  geologists 
will  be  satisfied,  I  fear  it  is  useless  for  me  to  argue  further.  The 
statement  about  the  lithological  change  is  true  in  a  certain  sense, 
but  it  is  one  of  those  unscientific  half-truths  that  ignore  the  main 
facts.  Amongst  the  facts  ignored  in  this  case  are  the  following: 
The  lithological  change  in  Germany  from  the  argillaceous  beds  of 
the  Brown  Jura  below  to  the  calcareous  strata  of  the  White  Jura 
above  is  precisely  the  reverse  of  that  which  takes  place  in  North- 
Western  France  and  England,  and  the  horizon  where  the  change 
takes  place  is  not  the  same,  in  fact  the  two  changes  have  no  con- 
nection with  each  other.  So  purely  local  are  the  lithological  con- 
ditions on  which  Mr.  Jukes-Browne  relies  that  the  argillaceous  Upper 
Jurassics  of  England  and  North- Western  France  are  represented  even 
in  Central  France  by  calcareous  beds. 

I  did  not  attempt  to  enter  into  the  classification  of  minor  sub- 
divisions like  the  Lower  Calcareous  Grit     But  when  Mr.  Jukes- 
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JBrowne  calls  attention  to  my  omission  to  mention  this  band,  he  mnst 
have  overlooked  the  circumstance  that  he  has  forgotten  to  notice  the 
far  more  important  Caloarian  which  intervenes  between  the  Oxfordian 
and  the  Gombrash,  and  which  is  one  of  the  best  known  and  most 
widely  spread  subdivisions  of  the  Jurassic  system. 

March  14M,  1886.  W.  T.  BlamfOBD.     - 

GEOLOGICAL  AGE  OF  THE  ROCKY  MOUNTAINS. 

Sib, — A  recent  conversation  with  Dr.  Hicks  induces  me  to  send 
you  the  following  record  of  the  results  of  a  short  ramble  in  the 
Eocky  Mountains,  which  I  trust  you  may  deem  of  sufficient  import- 
ance to  insert  in  your  Magazine. 

'  On  a  much-to-be-remembered  morning  on  the  11th  of  last  Septem- 
ber, Professor  Selwyn  and  Dr.  G.  M.  Dawson  of  the  Canadian 
Geological  Survey,  with  several  other  brothers  of  the  hammer,  left 
the  cars  of  the  Canadian  Pacific  Eailway  at  Stephen,  for  a  walk 
down  the  track  into  British  Columbia.  Passing  the  picturesque 
little  lake  on  the  summit  of  the  Kicking  Horse  Pass,  between  5000 
and  6000  feet  above  sea-level,  the  rocks  on  the  right  hand  of  the 
track  were  carefully  examined  for  any  indication  of  their  age.  They 
consisted  for  the  most  part  of  a  series  of  almost  vertical  calcareous 
and  quartzite  beds,  followed  by  greenish  slates  and  were  varied  in 
-colour,  blue,  white  and  green  predominating.  Though  supposed  to 
be  altered  Devonian,  yet  we  failed  to  obtain  any  fossil  evidei\pe  to 
determine  this  point.  After  however  crossing  the  high  trestle- 
bridge  spanning  the  torrent  which  gives  its  name  to  the  pass,  we 
were  more  fortunate,  and  found  sufficient  evidence  whereby  the  age 
of  these  beds  could  be  clearly  defined.  Remaining  behind  the  rest 
of  the  party,  my  attention  was  attracted  to  a  greenish  micaceous  slab 
of  rock  dipping  at  a  high  angle  to  the  east,  bearing  on  its  face  those 
fucoidal  markings,  or  worm-tracks  (?),  so  abundant  in  the  Ilfracombe 
beds  in  North  Devon,  and  on  detaching  some  of  these,  I  soon  saw 
other  and  more  important  black  patches,  the  organic  nature  of  which 
there  could  not  be  any  doubt  about.  These  at  first  sight  were  con- 
sidered to  be  the  shields  of  Trilobites.  Proceeding  onwards  about 
62  yards  on  the  same  side,  a  dense  blue  calcareous  band  was  found 
almost  vertical  about  six  inches  thick  divided  from  another  of  the 
same  kind  about  seven  inches  thick  by  a  parting  of  greenish  shale ; 
both  these  were  full  of  organisms.  On  showing  them  to  Prof.  Boyd 
Dawkins  and  others,  they  were  at  once  pronounced  to  be  Primordial. 

Since  my  retum^home,  Dr.  Hicks  has  examined  my  specimens, 
and  states  that  they  represent  a  Menevian  fauna,  and  that  the  mica- 
ceous rock  contains  lime  and  is  detrital,  with  the  tail  of  a  Paradoxidea 
on  its  surface,  whilst  the  dense  blue  calcareous  bands  have  abundant 
fragments  of  Paradoxidea,  Conocoryphe  and  other  allied  forms.  This 
fact  is  of  value,  as  it  proves  that  a  Primordial  zone  exists  north  of 
the  49th  parallel  of  latitude,  and  somewhere  between  the  116th  and 
117th  parallels  of  longitude,  a  fact  which  has  been,  I  believe,  hitherto 
denied  or  at  least  unproved.  H.  H.  Win  wood. 

Bath,  April  17,  1886« 
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I.— On  the  Land  Mollusca  of  the  Eocenes. 

By  J.  Starkie  Gardner,  F.L.S.,  F.G.S.,  etc. 

(PLATE  VI.) 

THE  distribution  of  land  moll usoa  still  remains  one  of  the  most 
perplexing  of  the  problems  to  be  solved  by  the  geologist  Sir 
Charles  Lyell  seems  to  have  been  especially  struck  with  their 
capricious  distribution,  particularly  in  Madeira.  The  facts  are  still 
substantially  as  stated  in  the  tenth  edition  of  his  '^Principles  of 
Geology,"  for  Mr.  Leacock,  in  showing  me  the  results  of  many  years 
collecting  in  Madeira,  observed  that  his  researches  had  not  modified 
them  in  any  important  particulars.  Nearly  all  the  species  are  peculiar 
to  the  Madeira  Archipelago,  and  the  remarkable  fact  about  their  dis- 
tribution is  that,  though  there  are  56  species  in  Madeira  proper,  and 
42  in  Porto  Santo,  only  12  are  common  to  both  islands,  though  in  sight 
of  each  other.  Still  more  unaccountable  it  seems,  that  of  19  species 
found  on  the  Dezertas,  three  barren  rocks  which  appear  but  little 
detached  from  the  main  island,  only  12  are  common  to  Madeira,  and 
even  each  of  these  islets  has  species  and  varieties  peculiar  to  itself. 
But  two  species  of  land-shells  are  in  fact  common  to  Madeira,  the 
Dezertas  and  Porto  Santo.  Sir  Charles  Lyell  infers  the  great  anti- 
quity of  the  Archipelago  from  this,  contrasting  it  with  the  far  more 
extensive  group  of  the  British  Isles,  numbering  200  islands,  not  one 
of  which  have  yet  developed  peculiar  species.  The  fact  that  such 
narrow  seas  have  sufficed  to  keep  the  land -mollusca  distinct  conclu- 
sively proves,  in  his  opinion,  that  they  have  no  ready  means  of 
dispersal,  and  that  their  passage  across  even  the  narrowest  sea  must 
be  of  such  extraordinary  rarity  that  the  possibility  need  hardly  be 
taken  into  account.  The  presence  of  the  same  species  throughout 
the  whole  of  the  British  Islands  is  thus  the  strongest  argument  in 
favour  of  their  having. been  joined  together  and  to  Europe  at  a  very 
recent  date. 

Turning  to  that  most  fascinating  book  by  Mr.  Wallace,  "  Island 
Life,"  in  which  all  possible  arguments  are  arrayed  to  support  the 
theory  of  the  Permanence  of  Continents,  we  cannot  help  remarking 
how  frequently  the  land-mollusca  are  opposed  to  other  evidence,  and 
how,  when  the  distribution  of  the  rest  of  a  fauna  can  be  satisfactorily 
accounted  for,  these  crop  up  in  contradiction.     The  present  arrange- 
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raent  of  land  and  water  oan  be  made  to  sufiBce  for  the  distribution  of 
such  recently  developed  things  as  the  existing  species  of  mammals, 
birds,  and  butterflies ;  but  the  far  more  ancient  families  of  land- 
moll  usca,  at  least,  seem  to  have  been  in  possession  of  their  present 
habitats  from  the  most  remote  times.  I  find  in  ''  Island  Life  '*  that 
the  Azores  are  stated  to  possess  69  species,  32  being  peculiar,  though 
with  a  general  European  faoies.  A  fourth  of  the  land-shells  of 
Bermuda  are  peculiar,  including  one  genus,  while  most  of  the 
remainder  are  found  in  the  West  Indies  and  American  mainland, 
llie  Galapagos  Isles  possess  about  20  species,  most  of  them  peculiar. 
St  Helena  has  29,  20  of  which  are  truly  indigenous,  two  of  them, 
Bulimi,  resembling  Brazilian  types.  The  land-shells  of  the  Sand- 
wich Islands  number  between  300  and  400  species,  and  30  genera, 
three-fourths  peculiar ;  the  large '  sub-family  Achatinellin»,  with  14 
'genera,  being  entirely  confined  to  the  Sandwich  Isles,  and  the  genera 
of  Auriculid»  only  met  with  there  and  in  Australia,  China,  Bourbon, 
Cuba,  and  the  West  Indies.  About  two-thirds  of  the  land-shells  of 
the  Seychelles  are  peculiar,  most  being  Indian  forms,  and  some  like 
those  of  Madagascar. 

Such  examples  may  be  multiplied  if  we  look  into  Woodward's 
Manual  of  the  Mollusca.  The  author  of  this  work  is  profoundly 
impressed  with  the  belief  that  many  of  the  Oceanic  Islands  are 
relics  of  lands  that  have  disappeared.  The  mollusca  of  St.  Helena 
especially  indicate  a  closer  geographical  alliance  between  the  east  of 
South  America,  than  now  holds.  The  presence  of  several  species  of 
old-world  genera  in  the  Columbian  region,  which  are  wanting  in 
North  America,  implies  a  land  connection  at  some  very  remote  period 
across  the  Atlantic  in  temperate  latitudes.  Two  genera,  Anastoma 
and  Megasptra,  now  peculiar  to  Brazil,  inhabited  France  during  the 
Eocene.  There  is  nothing  in  these  facts  to  support  the  extreme  views 
of  the  Permanence  of  Continents,  advocated  by  Wallace ;  and  taken 
in  connection  with  the  observations  of  such  writers  as  Sir  Joseph 
Hooker  and  many  other  botanists,  there  is  such  an  array  of  at  least 
prima  facie  evidence  against  them,  which  has  not  been  explained 
away,  that  they  must  be  held  as  far  indeed  from  generally  acceptable 
to  geologists. 

The  re-examination  ^  of  the  Eocene  land  and  freshwater  fossil 
shells,  which  I  propose  to  undertake,  will  I  am  convinced  present 
some  very  curious  problems  in  connection  with  this  subject  The 
progress  of  science  has  moreover  rendered  some  revision  neces- 
sary, and  though  Professor  Sandberger  has  to  a  great  extent  already 
effected  this,  his  work  is  in  Grerman,  and  the  British  species  are 
mixed  up  in  it  with  a  large  number  of  others. 

As  the  first  instalment,  I  have  selected  the  group  of  land-shells 
of  the  Bembridge  and  Headon  limestones  of  the  Isle  of  Wight, 
which,  from  their  size,  number,  and  splendid  preservation,  probably 
form  the  most  important  assemblage  of  the  kind  from  any  rocks  of 
similar  age. 

'  Nearly  all  the  species  have  been  described  for  the  Palaeontographical  Society  by 
Mr.  F.  £dwards,  lb62. 
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Fam.  BuLiMiN^.* 

BuLiHiTB  (Amphibbohus)  blliptious,*  Sby.  Bp.  1822.    Plate  VI. 
Figs.  8  and  4. 

The  adnlt  shell  is  sub-perforate  ?,  sinistral,  oblong-ovate,  bulirai- 
form,  composed  of  8  whorls. 

The  general  form  of  the  shell  is  that  of  a  pupa,  or  chrysalis,  the 
penultimate  whorl  being  almost  of  the  same  diameter  as  the  body- 
whorl.  The  apex  is  blunt.  The  whorls  are  at  first  more  than  twice 
as  wide  as  high,  the  fourth  whorl  in  descending  is  in  diameter  twice 
its  height,  the^  penultimate  whorl  in  the  specimen  figured  is  18  mm. 
high  against  31  mm.  in  diameter,  and  the  body- whorl  42  mm.  high, 
with  a  diameter  of  83  mm.  All  are  irregularly  tumid,  bulging  most 
towards  the  lower  suture.  The  test  is  thin.  There  are  two  varieties 
of  ribs,  one  ooarse,  with  a  millimetre  interval  between  each,  the 
other  fine,  in  which  case  8  ribs  occupy  one  millimetre ;  the  former 
-variety  is  the  commoner,  and,  though  I  have  not  remarked  both 
occurring  on  the  same  individual,  there  are  often  very  fine  lines  or 
ribs  in  the  intervals  between  the  coarse  ones.  The  suture  is  very 
nari'ow,  but  defined.  The  aperture  is  ovate,  sub-auricular,  angular 
above,  its  precise  form  being  difficult  to  describe  in  words.  The 
peristome  is  continuous,  thickened,  and  reflected,  the  oolumellar  lip 
being  a  little  broader  and  united  to  the  outer  by  a  thickened  callus. 
The  columella  is  slightly  convoluted,  and  the  oolumellar  region 
lightly  excavated.  The  average  length  of  the  full-grown  shell  is  85 
millimetres,  or  a  little  over  3J  inches,  and  this  seems  rarely  if  ever 
to  have  been  exceeded. 

The  young  are  conical,  with  the  last  whorl  subangular,  shells  of 
2  centimetres  in  length  having  a  spiral  angle  of  about  55°,  which 
diminishes  to  about  45°  when  the  length  is  doubled.  The  aperture 
is  semi-lunar  or  a  little  like  an  inverted  comma,  and  the  lips  thin 
and  sharp. 

Casts  of  the  young  are  very  abundant  in  places,  far  more  so  than 
of  the  adults.  Associated  with  them  in  still  greater  abundance  are 
oviform  bodies  (Plate  VI.  Fig.  5),  variable,  but  the  great  majority  of 
which  are  under  2^  to  8  oentim.  in  length  and  to  16  mm.  in  diameter. 
They  are  equal  and  rounded  at  both  ends,  with  the  sides  flattened. 
When  not  merely  casts,  they  are  seen  to  be  enveloped  with  a  thin 
calcareous  shell  of  rugged  texture.  They  are  supposed  to  be  eggs 
or  cocoons,  and  are  sometimes  hollow,  or  partly  filled  with  arrago- 
nite,  but  in  general  they  are  casts,  with  one  end  free,  and  the  other 
broken,  and  adhering  to  the  matrix,  as  if  the  animal  had  effected  its 
escape.     Several  of  the  most  promising  have  been  slit  for  me,  and 

'  That  part  of  the  genus  to  which  our  fossils  belong  was  separated  into  a  genus 
Cochlo9titla,  by  F^mssac  in  1819.  The  name,  literally  column-shells,  indicates 
sufficiently  their  general  form.  The  true  Bulimm  has  few  whorls,  the  body -whorl 
being  very  large  and  at  least  equalling  in  length  all  the  rest  of  the  spire.  Amphi- 
dromm  is  a  smaller  group  or  sub-genus  of  closely  allied  species  usually  sinistral. 
These  subdiyisions  seem  useful  in  so  enormous  a  genus. 

^  All  the  species,  unless  otherwise  stated,  are  described  in  F.  £.  Edwards'  monograph 
on  the  Eocene  MoUusca,  in  the  PalsBontographical  Society's  volume  for  1862,  where  the 
bibliography  of  the  species  is  detailed  at  length.  Most  of  them  are  re-described  in 
Sandberger  s  Land  und  Siisswasser  Conchylien,  Wiesbaden,  1870-76. 
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are  filled  with  infiltrated  granalar  limestone  and  arragonite,  witbont 
betraying  any  outline  of  their  former  living  oocapant  Their  asso- 
ciation in  sach  abundanoe  with  land-shells,  and  especially  with  the 
young  of  BtdimuBy  suggests  that  they  may  not  improbably  have  been 
the  eggs  of  the  latter.  Many  Bulimi  lay  eggs  of  even  larger  size  ; 
but  the  only  examples  in  the  British  Museum  are  eggs  of  species 
with  relatively  very  large  body -whorls.  I  have  so  far  not  been  able 
to  obtain  information  as  to  the  form  of  egg  laid  by  the  living  species 
of  the  Amphidromua  section  of  the  genus.  The  eggs,  if  such,  are 
certainly  very  large  in  proportion  to  even  the  fullest  grown  adult ; 
but  they  might  have  passed,  for  the  internal  mould  of  the  body- 
whorl  is  19  millim.  across,  and  the  eggs  at  their  greatest  diameter 
but  15  or  16  externally.  The  recent  eggs  of  the  large  BtdinU,  where 
there  is  ample  space  in  the  body- whorl,  are  regularly  oval ;  but  in 
these  fossils  the  sides  are  perfectly  straight,  and  this  peculiarity 
rather  favours  the  assumption  that  they  may  really  be  the  eggs  of 
the  cylindrical-shelled  BuUmuSy  especially  as  none  of  the  fry  of  this 
species  are  ever  found  of  smaller  diameter  than  the  supposed  eggs. 
The  size  of  the  egg  in  living  Fulmonates  bears  no  settled  relation  to 
the  size  of  the  shell.  The  texture  of  the  shell  is  rugged,  but  in  all 
the  recent  eggs  I  have  seen  it  is  smooth.  The  question  cannot,  how- 
ever, be  definitely  settled  until  further  observations  are  made. 

Internal  moulds  of  Bulimua  were  formerly  found  abundantly 
in  the  Bembridge  Limestone  at  Sconce.  Fine  specimens  with  the 
shell  replaced  by  carbonate  of  lime  were  always  rare  and  of  some 
value,*  being  among  the  handsomest  of  our  many  fine  Eocene  mol- 
lusca. Though  the  horizon  of  the  species  is  the  Bembridge  Lime- 
stone, it  must  have  existed  throughout  the  whole  of  our  sub-tropical 
Eocene  period,  for  part  of  a  shell  from  the  London  Clay  is  figured 
by  Mr.  Edwards,  and  he  has  specimens  fi-om  the  Middle  Headon  of 
Brockenhurst  and  Hordwell,  as  well  as  the  Upper  Headon  of  Headon 
Hill.  The  National  Collection  is  very  rich,  comprising  at  least  a 
dozen  fine  specimens  of  the  adult  shell. 

The  species  appears  to  be  extinct,  but  one  very  closely  allied,  B, 
chloris,  Beeve,is  a  native  of  the  Philippines,  and  there  are  many  others, 
as  B.  perver8U8,  of  the  same  group  inhabiting  the  same  region.  B, 
chhrts  is  a  bright  yellow  shell,  somewhat  smaller  than  ours,  but  so 
closely  resembling  it  in  all  other  respects,  that  we  are  fully  justified, 
in  believing  that  ours  is  an  ancestral  form,  or  genetically  connected* 
Sandberger  compares  it  with  B.  palaceuSf  v.  d.  Busch,  and  B.  Winteri, 
Pf.,  from  Java.  No  species  resembling  it  occurs  in  other  regions,  and 
the  group,  which  is  very  distinct,  is,  as  already  stated,  separated 
under  the  sub-generic  name  Amphidromus, 

BuLiMUS  (Amphidromus)  lavolongus,  BoubSe,  1844.  PL  VL  Fig.  1. 

Ball.  Soc.  66ol.  i.  ser.  1,  p.  213,  M.  de  Serres,  Ann.  dee  Scienow  Nat.  1844,  p.  180, 

pi.  xii  fig.  9. 
Sandberger,  die  Snsswasser-Conchjl.  1870-75,  p.  287,  pi.  xri.  fig.  7. 

The  introduction  of  the  present  species  into  our  Eocene  fauna  is 
'  20«.  aeems  to  haye  been  an  established  price. 
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based  on  a  unique  specimen  said  to  be  from  Sconce,  and  recently 
acquired  for  the  National  Collection. 

The  shell  is  regularly  spiral,  and  tapers  gradually.  The  extremity 
is  broken,  but,  supposing,  as  seems  probable,  that  the  spire  was 
continued  at  the  same  angle,  and  allowing  that  the  apex  was  as 
obtuse  relatively  as  in  the  last  species,  the  total  length  must  have 
reached  130  mms.,  or  more  than  five  inches.  The  spiral  angle  is 
about  18°  and  the  length  preserved  of  the  shell  106  mm.,  comprising 
1 0  whorls.  The  whorls  towards  the  apex  are  more  than  twice  as 
wide  as  high,  the  last  but  two  being  exactly 'twice,  the  penultimate 
whorl  17  mm.  high,  to  30  mm.  diameter  along  the  inferior  suture, 
and  the  body- whorl  10  mm.  high  and  30  mm.  in  greatest  diameter. 
The  whorls  are  slightly  convex  and  the  suture  slight  The  whole  is 
so  finely  striated  in  the  direction  of  the  axis,  that  4  striae  occupy  only 
1  mm.  llie  aperture  is  invisible,  being  imbedded  in  the  matrix. 
The  peristome  was  evidently  much  reflected,  but  has  been  chipped 
away  unfortunately,  through  ignorance  of  its  form.  The  shell  has 
been  replaced  by  thin,  translucent  arragonite,  and  is  of  a  peculiar  pale- 
yellow,  suggesting  palpably  that  traces  of  the  original  colouring 
yet  remain. 

Though  evidently  allied  to  B.  eUiptiea,  the  characters  are  altogether 
so  peculiar,  that  it  has  been  separated  specifically.  It  departs  more 
widely  than  the  last  from  any  existing  species. 

The  specimen  described  was  purchased  from  Mr.  Gregory  as  a 
Bembridge-Limestone  fossil,  and  the  matrix  has  the  characters  of  this 
limestone.  In  the  South  of  France  it  occurs  in  the  Palaeotherium- 
limestone  of  Yilleneuve  and  Mas  Saintes  Puelles,  and  is  not  rare. 

The  group  Amphidromus  is  confined  within  well-defined  limits — 
the  Philippines,  Timor,  Celebes,  the  Malayan  Peninsula,  and  southern- 
most China,  and  an  outlier  in  the  Eastern  Himalayas.'  Of  13  species, 
8  are  persistently  sinistral,  but  individuals  among  the  remainder  are 
sometimes  dextral. 

In  the  luxuriant  and  open  forests  of  the  Philippines,  the  vegetation 
and  climate  combine  to  favour  the  growth  of  arboreal  species,  and 
the  genus  is  represented  in  prolific  splendour.  **  Mr.  Cuming  must 
have  truly  felt  like  one  transported  to  the  fabled  gardens  of  the 
Hesperides,  when  beholding  the  lofty  trees  of  these  sunny  isles  laden 
with  snails  of  such  magnificent  proportions.  Aladdin,  in  the  Arabian 
tale,  could  not,  surely,  have  contemplated  the  rich  clusters  of  vari- 
coloured fruit  in  the  garden  of  the  African  magician  with  more 
astonishment,  nor  probably  gathered  it  with  more  avidity."  *  The 
animal  in  the  Philippines  is  uniformly  of  a  sombre  olivaceous  brown,  • 
and  dwells  in  family  groups,  as  it  were,  among  the  shady  foliage  of 
the  branches.  An  observation  strikingly  in  accord  with  the  arrange- 
ment of  the  fossils  is  that  out  of  a  group  of  some  dozen  living 

^  Prenssische  Expedition  nach  Ost-Asien,  Zoologische  Theil,  vol.  ii.  E.  von 
MarteoB,  1867. 
'  Bee?e,  Conchologia  Iconica,  1849,  ?oL  v.  p.  !• 
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speoimenR,  not  more  than  three  or  four  will  be  foand  in  an  adult 
Btate,  with  the  lip  of  the  shell  reflected. 

I  have  not,  as  I  have  already  mentioned,  been  able  to  oome  across 
any  specimens  or  account  of  the  eggs  of  the  group  of  Amphidromus. 
The  large  eggs  of  the  true  BuUmus  are  of  very  firm  consistence,  and 
translucent  as  alabaster.  Beeve  describes  a  soft-shelled  egg,  like 
that  of  a  snake,  as  being  deposited  in  little  clusters  on  the  trees, 
between  two  leaves,  which  the  animal  curls  up  one  on  another  as  a 
receptacle  for  their  protection.  Woodward  mentions  that  one  of  the 
largest  species  deposits  its  calcareous  eggs  among  dead  leaves. 

Fam.  OLEAOiNiDJi. 

Glandina  costellata,  Sowerby,  sp.    Plate  VI.  Fig.  2. 

Syn.  Achatina  eotteUaCa,  Edwards,  Eocene  MoUuBca,  Order  Pulmonata,  p.  76,  1852. 

The  shell  is  cylindrical,  fusiform,  dextral,  imperforate,  composed 
of  6  whorls;  the  aperture  narrow  and  elliptioaL  The  ultimate 
whorl  or  nucleus  is  obtuse,  but  the  general  form  of  the  apex  is  acute. 
The  whorls  forming  the  spire  are  wider  than  high,  the  4th  whorl  in 
the  figured  specimen  measuring  5  mm.  in  height,  with  8  mm.  as  the 
diameter  of  the  suture,  and  the  5th  whorl  11  mm.  in  height,  and 
18  mm.  for  the  suture.  The  whorls  are  irregularly  convex,  slightly 
constricted  in  some  individuals  towards  the  sutures,  which  are  well 
defined.  The  length  of  the  body-whorl  is  at  least  double  that  of  the 
spire,  and  exceeds  it  even  four  times  in  abbreviated  examples.  It  is 
much  longer  than  wide — 44  to  25  mm.  in  the  figured  specimen — the 
greatest  convexity  is  central  and  parallel  with  the  suture,  and  it 
becomes  attenuated  towards  the  base.  The  test  is  thin;  marked 
with  irregular  lines  of  growth,  rarely  coarsely  ribbed,  3  ribs  occupy- 
ing 2  mm. ;  or  finely  striated  in  the  same  direction,  when  there  are 
5  strise  to  a  millimetre.  Mr.  Edwards  thus  describes  the  sculpturing : 
*'  The  edges  are  slightly  pressed  against  the  preceding  volution,  so 
as  to  present  a  narrow  band  running  round  the  spire,  parallel  with 
the  suture;  the  ribs  are  rounded,  irregular,  rather  oblique,  and 
slightly  thickened  above  the  sutural  band,  giving  a  rough  crenulated 
appearance  to  the  edges  of  the  volutions ;  they  are  crossed  saltier- 
wise,  by  very  faint  obscure  lines  of  growth,  perceptible  only  in  well- 
preserved  specimens."  '  The  aperture  is  narrow,  longitudinal,  ellip- 
tical, outer  lip  crescentic,  inner  pear-shaped,  coming  to  an  acute 
point  above,  and  more  or  less  rounded  below.  The  lips  are  thin  and 
sharp.  The  columella  thin,  rather  bowed  and  truncated  at  the  base  ; 
the  latter  character  afibrding  a  basis  of  separation  between  this 
genus  and  Achatina.  The  length  of  the  shell  appears  to  be  62,  and 
the  diameter  25  mm.,  though  tibese  are  not  the  extremes  observed  in 
the  largest  individuals. 

The  National  Collection  comprises  upwards  of  60  specimens,  well 
illustrating  the  great  variability  in  the  relative  proportions  of  the 
whorls  and  aperture  in  this  species.    The  MS.  name  brevis  attached 

^  Eocene  Mollnsoa,  p.  76. 
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to  one  of  the  varieties  shows  that  Mr.  Edwards  contemplated 
separating  it  as  a  distinct  species. 

Most  of  the  specimens  are  from  the  Bembridge  Limestone,  where 
the  shell  is  rarely  preserved,  but  a  few  are  from  the  Headon  Lime- 
stone. It  also  occurs  in  the  PalsBotherium  limestone  of  the  depart- 
ment  of  Aude  in  the  South  of  France. 

It  is  difficult  to  avoid  uniting  this  with  some  of  the  existing 
species  of  Olandinn  from  Mexico,  so  nearly  identical  are  they.  Their 
connection  is  at  all  events  of  the  very  closest,  and  as  the  Qlandinaa 
are  entirely  confined  to  Central  America,  Mexico,  Florida,  and  the 
West  Indies,  the  problem  as  to  how  they  formerly  strayed  to  Europe 
is  interesting.  Lying  in  close  proximity  on  a  fragment  of  limestone 
in  the  Edwards'  collection  are  two  of  these  superb  snails ;  one,  the 
Glandina  (PI.  VI.  Fig.  2)  and  the  other,  a  Btdimus  (Pl.  VI.  Fig.  3). 
They  lived  together  in  company,  and  one  may  have  even  succumbed 
to  the  carnivorous  instincts  of  the  other ;  but  their  habitats  are  now 
so  widely  severed  that  to  bring  them  together  again  ten  thousand 
miles  of  sea  must  be  traversed. 

The  fossil,  as  already  stated,  resembles  many  of  the  existing  species 
so  closely  that  it  would  be  hard  to  find  any  character  by  which  they 
might  be  distinguished,  especially  in  the  cases  of  O,  lignaria,  Beeve,  of 
Mexico,  and  G.  conspena,  Pfr.,  of  Guatemala.  It  is  important  to  mark 
that  the  genus  is  now  entirely  confined  to  the  Westlndies  and  the  main- 
land south  of  Texas,  so  that  its  occurrence  in  the  Isle  of  Wight  is 
alone  a  hopeless  stumbling-block  to  the  acceptance  of  Mr.  Wallace's 
views. 

The  animal  of  Glandina  is  very  large  in  proportion  to  its  shell, 
into  which  it  retires  with  difficulty.  It  crawls  with  its  labial  palp® 
ceaselessly  in  movement,  and  when  it  comes  across  a  Btdimus  or  a 
Hdix,  it  fastens  upon  its  victim  and  devours  it.  The  snout  is  pro- 
truded and  swells  up,  and  the  mouth  opens  to  its  largest  extent.  M. 
Sall6  and  Mr.  Gould  both  relate  that  they  have  seen  the  Glandina 
attack  individuals  of  their  own  species  and  size.  According  to 
Eaymond,  G.  algira  of  Bruguifere  is  exceedingly  voracious,  and  can 
in  24  hours  devour  ten  or  a  dozen  of  Helix  variabilis.  This  observer 
relates  that  **  apr^  avoir  fiaire  sa  proie,  il  penetre  assez  avant  dans 
le  dernier  tour  de  spire  des  Helices  et  fait  le  vide  par  succion ;  on 
voit  tr^s-distinctement  disparaitre  le  moUusque  qui  lui  sert  de 
nourriture."  * 

The  Antilles,  Central  America  and  Mexico  constitute  the  region 
in  which  the  genus  Glandina  attains  its  maximum  development.  Its 
carnivorous  propensities  are  abundantly  provided  for  amidst  the 
herbivorous  pulmonata  which  swaim  in  those  regions.  The  largest 
species  are  found  in  Mexico  and  Guatemala,  where  the  numerous 
species  of  Bulimus  serve  them  for  food.  The  eggs  are  calcareous,  as 
in  the  large  Btdimi,  and  G.  Andebordi  deposits  20,  measuring  8  by  6 
millims. 

^  Mission  Scientific  an  Mexiqne,  Recberches  Zoologiques,  part  vii.  Etudes  sur 
Holl.  Terrestres  et  flenves  dn  Mexique  et  dn  Guatemala,  par  P.  Fischer,  U.  Crosse, 
1878. 
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Fam.  Hblicina. 

Helix  (Calogoohlka)  globosa,  Sby.    Plate  YI.  Fig.  6. 

S.  globotuB,  Sby.  1818,  Min.  Con.  vol.  ii.  p.  157,  t.  170. 

The  shell  is  composed  of  6  whorls,  with  an  obtuse  apex.  The 
whorls  rapidly  enlarge,  each  one  being  more  than  twice  the  height 
of  the  one  above,  and  the  fourth  is  more  than  twice  the  diameter  of 
the  third  at  the  suture.  The  apical  angle  is  very  obtuse,  but  varies 
considerably  within  certain  limits.  The  apical  whorl  seems  rounded 
with  the  spire  flat.  The  succeeding  whorls  are  slightly  rounded 
or  flattened,  with  the  sides  at  angles  of  90^  and  upwards.  In  some 
cases  the  young  are  subcamiated,  in  others  not,  and  the  aperture  is 
semilunar  or  subquadrate  according  to  the  angularity  of  the  whorl. 
The  penultimate  whorl  is  much  more  swollen  and  the  sides  steeper 
and  higher  in  proportion,  the  height  being  26  millim.,  to  a  diameter 
of  only  46  millim.,  the  one  next  above  measuring  but  8  to  33  millim. 
The  height  and  diameter  of  the  last  whorl  are  little  greater  than 
those  of  the  penultimate,  producing  the  globosely -conical  outline 
which  has  suggested  the  name.  All  the  specimens  are  casts,  but  in 
a  few  oases  fragments  of  the  shell  remain,  which  are  seen  to  be  very 
finely  striated  or  more  roughly  marked  with  lines  of  growth.  There 
is  the  appearance  of  a  small  umbilicus  as  a  matter  of  course  in  the 
casts  from  out  of  which  the  columella  has  been  dissolved,  but  one  or 
two  specimens  with  parts  of  the  shell  preserved  show  it  to  have 
been  imperforate.  The  suture  is  well  defined.  One  perfect  cast 
shows  the  lip  to  have  been  considerably  reflected  in  the  adult,  and 
there  are  indications  that  it  was  thickened.  The  aperture  is  rounded, 
the  peristome  discontinuous,  the  outer  lip  forming  a  semicircle,  and 
the  columellar  lip  and  the  side  of  the  body-whorl  converging  to  an 
obtuse  point  at  the  columella.  The  base  of  the  shell  is  very  tumid, 
and  when  the  shell  rests  upon  it,  the  axis  is  inclined  at  an  angle  of 
about  25^  The  most  perfect  specimen  measures  45  millimetres  in 
height  and  46  in  diameter,  but  the  extreme  diameter  of  a  less  perfect 
one  is  62  millimetres. 

Adult  shells  are  very  rare  and  imperfect,  and  all  are  from  the 
Bembridge  Limestone  at  Sconce.  Young  shells  are  abundant  there 
and  also  at  Bembridge.  Though  Mr.  Edwards  has  separated  some  of 
the  oasts  as  H.  occlusa,  and  formulates  some  pronounced  characters 
by  which  he  says  they  may  be  distinguished,  I  cannot  follow  the 
grounds  of  separation  in  the  actual  specimens,  and  it  seems  to  me 
that  it  would  be  advisable  to  limit  the  name  H.  occlusa  to  tlie  Ueadon 
Limestone  specimens,  which  are  quite  certainly  distinct. 

The  shell  belongs  to  the  group  Calocochlea^  now  limited  to,  or  at 
least  characterizing  the  Philippines,  and  might  even  belong  to  the 
living  species  which  most  resembles  it,  C.  Harfordii.  There  are 
many  other  fine  species  in  the  same  region,  and  there  is  a  group, 
Camoena,  of  shells,  in  Australia,  not  disimilar  in  outline,  but  um- 
bilicated.  Sandberger  compares  it  to  one  of  the  latter,  H.  Fraaeri, 
of  Cape  York. 

These,  on  account  of  their  large  size,  are  the  most  striking  species 
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of  the  Eocene  pulmonate  group.  Those  of  less  size  are" 
of  diminished  interest,  and  most  of  the  true  Helices  among  them  at 
least,  present  characters  recurring  in  so  many  widely  scattered 
species,  that  they  are  really  distinctive  of  no  particular  geo- 
graphical provinces  and  cannot  be  definitely  assimilated  to  any  one 
of  many  existing  species  which  may  resemble  them.  Their  detailed 
description  would  thus  present  no  new  facts  of  interest  in  the 
present  research,  and  they  are  therefore  merely  enumerated  or  their 
chief  characteristics  only  remarked  upon. 

Helix  ogolusa,  Edwards.  This  comes  next  in  size  to  H.  glohosa, 
young  shells  of  which  it  much  resembles.  Its  widest  diameter 
is  nearly  2  centimetres,  and  its  height  about  14  mm.,  the  first  whorl 
^  wider  than  the  second.  The  five  whorls  are  slightly  angulated, 
with  polished  test  and  a  brown  band  running  round  the  most  salient 
region,  imperforate,  and  with  the  lip  simple.  I  regard  all  the  species 
from  the  Bembridge  Limestone  as  the  immature  shells  of  H.  globcea, 
and  should  limit  the  species  to  those  from  the  Headon  Limestone. 
It  very  strongly  i-esembles  H.  ineerta,  Fer.,  of  St  Vincent  and  the 
West  Indies,  without  however,  exhibiting  complete  identity.  H, 
Woodwardi  and  H.  Etheridgi,  MS.  of  the  Edwards'  collection,  are 
probably  also  young  of  H,  gobosa, 

H.  Vkotiknsis,  Edwards,  with  which  should  be  united  H.  cocctphera 
and  H.  troehila,  MS.  species  in  the  same  collection,  is  an  almost 
turbinate  and  small  shell  with  slightly  elevated  spire  and  five 
rounded  whorls,  strongly  reflected  lip,  tumid  base  in  which  only 
one  whorl  is  visible,  with  small  umbilicus,  finely  striate  and  punctu- 
lated  polished  test.  The  dots  are  only  faintly  visible  when  magnified 
15  diameters,  and  are  not  present  on  the  most  perfect  and  figured 
type  specimen  even  when  magnified  40  diameters.  The  greatest 
diameter  is  1  centimetre,  and  the  height  5  mm.  It  occurs  in  the 
Bembridge  and  Headon  Limestones  at  Sconce,  and  nearly  resembles 
H.  fallaciosa  from  Ceylon.  It  is  compared  to  H,  rufescens  by  Edwards. 

H.  D*Urbani,  Edwards,  is  a  shell  of  very  similar  outline,  btit  is 
distinguished  by  its  thin  and  unrefiected  lip.  To  this  should  be 
added  H.  Morrisii,  H,  Keepingi,  H.  omphaloides,  MS.  Edwards. 
It  is  placed  by  Sandberger  in  the  sub-genus  HyaUnia,  Agass.,  of 
Monfort*s  genus  Zonites. 

H.  SooNOiRNSis,  MS.  Edwards,  possesses  the  same  contour,  but  has 
a  larger  umbilicus,  and  is  somewhat  strongly  and  obliquely  ribbed. 

H.  TROPiFBBA,  Edwards.  A  very  rare,  small  shell,  from  the 
Bembridge  Limestone,  with  depressed  and  perfectly  angulated  spire, 
tumid  beneath,  the  cast  displaying  a  large  umbilicus  and  semilunar 
aperture.  H.  Coquandiana,  Matheron,  of  the  Palasotherium  Lime- 
stone of  Aude,  in  the  South  of  France,  seems  indentical  with  it.  It 
is  compared  by  Edwards  to  H.  lapicida,  recent,  of  Europe ;  but  it 
far  more  resembles  H,  tricotropsie,  Pfr.,  from  China,  as  well  in  size 
as  contour.  The  largest  of  three  specimens  measures  1  cent  diameter, 
and  6  mm.  in  height 

H.  OMPHALUS,  Edwards,  a  much  smaller  shell  with  6  very  gradually 
diminishing  rounded  whorls,  very  slightly  elevated  spire,  with  large 
umbilicus  in  the  cast,  permitting  several  of  the  whorls  to  be  seen, 
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and  very  regularly  ribbed  obliquely.  As  pointed  out  by  Mr.  Searles 
Wood,  it  60  closely  resembles  a  group  of  North  American  species  as 
to  be  separable  from  them  only  on  most  trifling  grounds.  It  comes 
perhaps  nearest  among  them  to  J7.  striatellay  Anthony.  Its  range 
seems  restricted  to  the  Berobridge  Limestone.  Sandberger  would 
place  it  in  the  genus  DiseWf  Fitzinger. 

H.  LABTBiNTHioA,  Say. — ^This  minute,  but  strongly  characterized 
shell  from  Headon  Hill  and  Hordwell  is  identified  with  every  pro- 
priety with  a  North  American  species,  ranging  from  Ohio  to  Florida 
and  Missouri  to  Texas.  Sandberger,  however,  considers  that  there 
are  points  of  difference,  and  proposes  the  name  **  pseudolabyrinthicus,** 
and  places  it  in  Anton's  subgenus  Strohilus. 

H.  SUBLABTRINTHIOA,  £dwards. — This  is  a  small  unique  shell  of 
quite  different  outline  to  the  last,  and  perhaps  more  properly  refer- 
able to  Fupa,  Sandberger  mentions  an  almost  identical  form  as  oc- 
ounnng  in  the  limestone  of  Lautrea 

H.  Ueabonbnsis,  Edwards. — A  rare  and  very  minute  shell,  com- 
posed of  6  or  7  rounded  whorls,  3  teeth  on  the  outer  lip,  and  wide 
umbilicus.  I  have  been  unable  to  ascertain  that  there  is  any  living 
species  resembling  it,  but  Sandberger  compares  it  to  Gastrodonta 
lawiodon,  Phillips,  of  Alabama  and  Tennessee. 

The  small  turrited  pulmonates  are  of  greater  interest  and  would 
well  repay  a  most  careful  examination.  Omitting  Bulimus  politus, 
which  seems  to  be  a  freshwater  shell,  we  have  the  following  terres- 
trial species : 

Fam.    POMATIASINA. 

PoMATiA*  HKTBBOSTOiius,  MS.,  Edwards  sp. — Though  described  as 
a  Btdimusy  this  clearly  belongs  to  the  genus  Pomatta,  a  small  group 
of  chiefly  European  species,  but  with  outliers  in  New  Zealand, 
Kodriguez,  Norfolk  Island  and  the  Himalayas.  It  might  be  identi- 
fied with  one  of  the  European  species.  B,  Vectiensis,  MS.»  may 
indi&te  a  second  species,  but  only  casts  are  known. 

Fam.  PupiN^. 

Pupa  pebdentata,  Edwards. — This  is  a  very  elongated,  cylindrical 
shell,  finely  striated  and  distinguished  by  the  great  number  of  teeth, 
14,  with  which  the  outer  lip  is  furnished.  No  living  species  of 
Fupa  seems  to  come  very  near  to  it.  Sandberger  says  that  similar 
though  imperfect  shells  occur  in  the  same  horizon  in  the  south  of 
France  and  at  Buxweiler.  It  belongs  to  the  sub-genus  Torquilla, 
Faure-Biguet. 

Pupa  oryza,  Edwards. —This  a  small  cylindrical  shell,  strongly 
resembling  F,  stenopylis,  Benson,  and  P.  lapidaria,  Hutton,  of  the 
Himalayas. 

Clausilia  stbiatula,  Edwards,  op.  ciL,  1852.     Plate  VI.  Fig.  7. 

A  very  perfect  specimen  from  the  Bembridge  Limestone  has  been 
procured  since  the  species  was  published,  showing  it  to  have  been  a 
slender  cylindrical  shell  24  mm.  long,  composed  of  16  whorls,  tapered 
at  both  extremities,  4^  mm.  wide,  sinistral  like  most  of  the  genus.  The 
entire  shell  is  covered  with  an  exceedingly  delicate  ribbing,  at  right 
'  Sub-genus  Fomatia,  Beck. 
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angles  to  the  suture  and  almost  parallel  to  the  axis.  The  ribs  are  sharp, 
narrow,  and  relatively  high,  and  the  interspaces  are  at  least  three 
times  as  wide  as  the  ribs,  and  five  are  included  in  a  millimetre. 
It  possesses  a  projected  ovate  aperture  with  slightly  reflected  lips, 
which  are  toothed.  There  are  many  living  species  scattered  over 
the  world,  but  the  fossil  most  closely  resembles  a  group  of  nearly 
related  species  inhabiting  the  Grecian  Archipelago. 

Pupa  monodonta,  MS.,  Edwards,  from  Headon,  appears  referable 
to  the  genus  Megaspira,  possessing  the  columellar  folds  or  teeth 
characteristic  of  that  genus. 

MvoASPiRA  CYLiNDRioA,  MS.  Edwards. — ^The  unique  specimen 
known  is  from  the  London  Clay  of  Finchley,  and  is  a  small  turrited 
finely  striated  shell  with  peculiar  transversely  plaited  columella, 
appearing  identical  with  M.  exigua  from  Ports  MoUe  and  Curtis. 

Fam.  SuooiNiN-B. 
SuooiNKA  iMPERSPiouA,  S.  Wood,  is  a  true  Succinea,  very  probably 
belonging  to  a  still  existing  species,  but  the  living  forms  are  so  in- 
distinguishable from  each  other,  and  the  genus  is  so  widely  distributed, 
that  an  exact  identification  would  be  difficult,  if  not  impossible.  The 
fossils  are  from  Headon  and  Hordwell. 

Fam.  Olbaoinida. 

ZuA. — Two  small  species,  Z.  Headonensie  and  Z.  duhia,  Edw.  MS., 
smooth  cylindrical  shells,  are  referred  to  the  very  limited  recent 
genus  Zua,  but  the  propriety  of  this  determination  appears  doubtful. 

All  the  preceding  species  require  further  correlation  with  those 
already  described  from  Tertiary  beds  of  other  parts  of  the  world, 
more  particularly  with  those  of  the  Eocene  Paris  Basin,  as  it  seems 
hardly  possible,  in  view  of  the  number  of  plants  common  to  English 
and  European  Eocenes,  that  so  many  should  be  peculiar  to  so  limited 
an  area.  There  is  no  doubt  but  that  an  exhaustive  comparison  would 
enable  many  more  of  the  fossil  species  to  be  identified  with  living. 
Very  few,  I  believe,  would  be  found  wholly  extinct,  for  the  per- 
sistence of  specific  types  of  land  snails  through  long  geological  ages 
is  one  of  the  noteworthy  facts  in  the  history  of  Mollusca.  Many  of 
the  genera  are  known  to  have  existed  indeed  in  the  Carboniferous. 
The  facts  already  brought  to  light  demand  a  very  complicated  redis- 
tribution of  land  and  water,  and  are  certainly  incompatible  with  Mr. 
Wallace's  views  of  the  permanence  of  continents  through  all  geolo- 
gical time.  I  prefer  for  the  present  however  to  withhold  those 
more  definite  conclusions  which  the  material,  even  so  far  as  already 
examined,  would  justify  me  in  putting  forward. 

EXPLANATION  OP  PLATE  VI. 
Land  Mollusca  from  the  Upper  Eocene,  Bembridge  Limestone,  Sconce,  I.  of  Wight. 
Fio.   L     Bulimua  (Amphidromus)  lavoiongtu,  Boab6e,  1844. 
,,     2.     Olandina  eoateUata^  Sowerby,  sp. 
,,     3.     Bulimus  (Amphidromwt)  ellipiicus  (young),  Sby.  sp. 
„     4.  ,,       (  „  )        „       (adnlt). 

5a.  Egg  of  B,  elliptietu  (?).     bh.  Section  through  same. 
iloboi 


6.  Mtlix  {Calococh/ea)  plobosa,  Sby. 

7.  Clatisilia  itHatuh^  Edwards. 

All  drawn  natural  size. 
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II.— Contributions    to  the   Paleontology  op  the   Toreshibe 

Oolites. 

By  WiLFBiD  H.  HuDLBSTON,  M.A.,  F.E.S.,  F.G.8. 

(Concluded  from  p.  207.) 

Genus  Actjbon,  Montfort=  Tomate/Za,  Lamarck. 

Two  species,  or  at  least  two  well-marked  varieties  of  one  species, 
occar  in  the  lower  beds  of  the  Inferior  Oolite  of  Yorkshire,  which 
cannot  be  referred  to  AetoRonina,  but  which  are  provisionally  placed 
under  Actaon,  The  type  is  the  well-known  Aurietda  Sedgvici,  Phil., 
characteristic  of  the  Dogger,  though  far  from  common,  and  almost 
impossible  to  obtain  in  a  perfectly  satisfactory  state.  Hence  the 
chief  difficulty. 

These  shells  are  ovate,  with  a  shortish  spire,  the  last  whorl  ventri- 
cose,  surface  spirally  striated  (more  deeply  than  in  any  species  of 
ActcBonina),  columella  thickened,  and  somewhat  oblique,  but  not 
plicated,  if  I  have  correctly  interpreted  the  available  specimens. 
The  aperture  is  relatively  shorter  than  in  Aclaonina,  and,  owing  to 
the  effuseness  of  the  outer  lip,  almost  semilunar  in  outline.  The 
general  aspect  of  these  shells  is  greatly  that  of  Actaon ;  but,  as  far  as 
my  experience  goes,  they  are  without  the  fold.' 

92.— AoTJBON  Sedgvici,  Phillips,  1829.    PI.  V.  Fig.  4.' 
1829-1836.    Auricula  Sedgvici,  Phillips,  G.  Y.,  p.  129,  pi.  xi.  fig.  33. 

1849.  Actaon  Sedgwiei,  D*Orb  (Phil.),  Prod.  i.  p.  263.    £t.  Baj. 

1860.  Aci€don  Sedgvici,  VhJl,\  Morr.  and  Lye.    6t.  Ool.  Moll.  p.  118,  pL 

16,  fig.  9. 
18'54.  Actaon  Sidgwickii,  Phil. ;  Morris,  Cat.,  p.  233. 

1876.    Aetaon  Sedgwickii,  Phillips,  O.  T.,  3rd  edition,  p.  260,  pi.  xi.  fig.  33. 

Compare  also, 
1837.     Tomatella  pulle,  Koch  and  Dnnker,  Yerstein.  pp.  33,  pi.  2,  fig.  1 1. 
1848.     Tomalella  pulo/iella,  Dealongohamps,  M6di.  Soc.  Linn.  Nonn.  viii.  p.  162, 
pi.  18,  fig.  4. 

1850.  Actaon  puUut,  Morris  and  Lycett,  6t.  Ool.  MolL  p.  119,  p].  16,  fig.  11. 
1862.    Aetaunina  puUMla,  D'Orb  (Desl.),  Terr.  Jur.  ii.  p.  169.  pi.  268,  figs.  7,  8. 
1876.     Actmnina  puila,  K.  and  D.,  Tate  and  Blake  (Yorkshire  Lias),  p.  366. 

Bibliography f  etc. — The  references,  given  for  comparison  as  above, 
may  in  some  cases  be  more  applicable  to  the  Actaon  pvUus  of  Morris 
and  Lycett,  presently  to  be  described  as  a  variety,  which  occurs  in 
the  Millepore  Rock  of  the  coast.  All  the  specimens  seen  by  me 
from  the  Dogger  more  resemble  Phillips*  type,  whether  they  are 
small  or  great ;  consequently  I  should  be  led  to  suspect  that  this  is 
the  form  noted  by  Tate  and  Blake  in  the  Upper  Lias,  whei-e  a  single 
specimen  was  found.  In  the  few  cases  where  the  aperture  has  been 
visible  it  is  invariably  without  plication.  Should  a  specimen  exhibit- 
ing such  strong  plication  as  is  depicted  by  Deslongchamps  in  his 
Tomaiella  pulcheUa  ever  be  found,  the  case  would  be  dififerent.    It 

^  Stolizcka  notices  this  group  of  shells  {op.  eit,  p.  404),  and  is  disposed  to  place 
them  under  Bullinulay  Beck  {Bullinay  F6r.  apud  H.  and  A.  Adams).  He  observes 
that  the  two  oldest  species  apparently  belonging  to  this  genus  are  the  Jurassic 
Actaonina  pulchella,  D'Orb.,  and  Act.  $triato^ulcata,  Zittel  and  Goubert.  Sub> 
sequently  he  refers,  though  with  more  doubt,  to  the  Yorkshire  fossils  now  under 
consideration. 

^  For  Phite  Y.,  see  the  May  Number  of  the  Gbol.  Mao. 
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should  be  mentioned  here  that  Branns  considers  Tomatella  pullay  E. 
and  D.,  the  same  as  ActcBon  ptdlust  M.  and  L.,  but  different  to 
Auric^Ua  Sedgviei,  Phil,  (see  his  table  of  synonyms,  Mittl.  Jura, 
p.  194.) 

Description. — Specimen  from  the  Dogger  (zone  1),  Peak  (Blue 
Wyke).  Bean  Collection,  British  Museum.  About  10  mm.  in 
height  and  considerably  more  than  half  as  wide  as  high. 

Shell  ovate,  with  a  short  spire  composed  of  about  3  whorls,  apex 
somewhat  obtuse.  The  whorls  are  exceedingly  tabulate,  with  a  welU 
marked  suture.  N.B. — The  stumpy  character  and  tabulate  whorls 
of  Aetaon  Sedgviei  are  better  shown  in  the  figures  of  Phillips,  and 
of  Morris  and  Ly cett,  than  in  the  accompanying  Plate.  Body- whorl 
large  in  proportion  to  the  rest  of  the  shell,  and  barrel- shaped. 

The  body -whorl  and  penult  are  ornamented  by  fine  spiral  grooves, 
which  are  but  slightly  punctate  :  the  surface  of  the  body- whorl  is 
thus  divided  into  a  number  of  strap-like  belts,  of  which  two,  situate 
slightly  below  the  middle,  are  wider  than  the  rest,  and  constitute 
a  somewhat  conspicuous  feature.     Other  indications  wanting. 

N.B. — The  average  of  specimens  appear  to  be  considerably  smaller 
than  the  one  figured. 

Another  specimen. — Same  horizon  and  locality.  York  Museum. 
Possibly  the  type.     Not  figured. 

The  stumpy  character  of  the  spire,  and  barrel-shaped  outline  of 
the  body-whorl,  are  well  shown  in  this  specimen,  which,  though 
small,  is  in  good  preservation  and  free  from  matrix — a  very  rare  cir- 
cumstance. The  aperture  is  wide  and  semilunar,  the  outer  lip  being 
somewhat  effuse:  columellar  region  much  excavated;  columella 
thick,  prominent,  and  oblique,  but  not  plicated. 

Relations  and  Distribution. — It  is  evident  that  fossils  very  nearly 
approaching  this  species  occur  on  a  low  horizon  in  the  Inferior 
Oolite  elsewhere.  In  Yorkshire  one  example  has  been  met 
with,  as  we  have  seen,  in  the  Upper  Lias  of  the  Peak ;  otherwise,  it 
occurs  only  in  the  Dogger.  I  have  seen  it  from  the  **  Green  Bed  " 
of  Casterton  near  Stamford  along  with  the  characteristic  Astarte 
elegans.  This  is,  I  presume,  on  the  horizon  of  the  Northampton 
Sand.  It  must,  however,  be  rare  in  other  parts  of  England,  nor  have 
I  yet  seen  it  from  the  rich  shell-beds  of  the  south-west  The  figures 
of  D'Orbigny  and  of  Eoch  and  Dunker  lead  me  to  suppose  that  the 
fossils  referred  to  by  those  authors  are  much  more  closely  related 
to  Aetaon  Sedgviei,  than  to  the  variety  described  by  Morris  and 
Lyoett.  Hence  I  have  very  little  doubt  they  are  something  more 
than  merely  representative  species.  D'Orbigny  seems  to  have 
doubted  the  three  folds  in  Deslongchamps'  specimen  from  Les 
Montiers.  Until  this  point  is  cleared  up,  it  would  be  useless  to 
institute  any  further  comparison.  Nothing  of  the  sort  is  shown  in 
D'Orbigny's  figure. 

Description  of  variety  puUus,  M.  and  L.,  Fig.  6. — Specimen  from 
the  Millepore  Bock  (zone  2),  Oloughton.  Bean  Collection,  British 
Museum.    ?  Type. 

Height  about  7  mm.,  and  extreme  width  about  half  the  height. 
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Shell  ovate,  sabelongate,  with  a  spire  composed  of  about  fonr 
whorls,  which  are  slightly  tabulate  and  moderately  tumid.  Body- 
whorls  relatively  large,  and  somewhat  barrel-shaped.  The  body- 
whorl,  and  probably  the  penult,  are  ornamented  by  fine  spiral  strisd, 
but  the  condition  of  the  fossil,  in  this  peculiar  matrix,  is  not 
favourable  to  dose  discrimination. 

The  length  of  the  aperture  is  slightly  less  than  half  the  height  of 
the  shell,  the  outline  being  elliptical;  the  columella  is  excavated 
and  encrusted,  but  not  plicated,  outer  lip  curved. 

This  variety,  ptMue,  has  a  smaller  spiral  angle,  and  a  better 
developed  spire  than  Actaon  Sedgviei,  It  is  probably  the  form  more 
likely  to  be  found  in  higher  horizons.  There  are  two  specimens  in 
the  Leckenby  Collection  marked  "  Tomatella,  Millepore  Bed,  Scar- 
borough," which  probably  belong  to  AcUean  puVus,  In  the  same 
Collection  there  is  likewise  a  fossil  marked  '*  AetcBon,  Combrash, 
Scarborough."  which  cannot  be  very  far  removed  from  this  form,  but 
its  condition  is  such  that  accurate  identification  is  impossible. 

Genus  Bulla,  Klein,  1753. 
93.— Bulla  undulata.  Bean,  1839.     Plate  Y.  Figs.  10,  10a. 

1839.    Bulla  undulata,  Bean,  Mag  Nat.  Hist.  p.  61,  fig.  22. 

1860.    JBulla  undulata.  Bean,  Morr.  and  Lye.,  Gt.  Ool.  Moll.  p.  96,  pi.  8,  fig.  8. 

1876.     OylindHUi  {Bulla)  undulata.  Bean,  Phillips,  O.Y.,  3rd  edition,  p.  260. 

Bibliography,  etc. — ^This  was  one  of  the  discoveries  of  Bean  sub- 
sequent to  the  publication  of  the  earlier  editions  of  the  Gkology  of 
Yorkshire.  Phillips  in  his  last  edition  refers  the  Combrash  shell  to 
Cylindrites,  which  genus  he  evidently  regarded  as  more  nearly  related 
to  Bulla  than  to  AcUeon,  notwithstanding  the  plication  of  the 
columella. 

Description, — Specimen  from  the  Combrash  (zone  4),  Scarborough. 
Leckenby  Collection. 

Height 31  millim^treB. 

Width  in  proportion  to  total  height 77  :  100. 

Shell  oval,  ventricose ;  marked  by  broad  and  irregular  lines  of 
growth.  Apex  perforated ;  aperture  longer  than  the  body  of  the 
shell,  rounded  at  each  end,  relatively  narrow  behind,  but  roimded 
and  excavated  in  front :  outer  lip  slightly  arcuated. 

N.B. — This  specimen  has  been  rather  compressed. 

Belations  and  Distribution, — ^This  is  a  tmly  common  type,  the 
Scarborough  fossil  only  differing  from  the  existing  Bulla  ampulla  in 
being  slightly  shorter,  and  in  the  apparently  more  rugose  habit  of 
growth :  but  this  latter  feature  is  of  little  value  when  we  oompare 
shells  with  fossils.  It  also  varies  much  in  size  like  Bulla  ampulla^ 
some  of  the  Scarborough  specimens  being  much  larger  than  the  one 
figured ;  whilst,  on  the  other  hand,  specimens  from  the  Great 
Oolite  of  Minchinhampton,  where  it  is  rare,  are  said  to  be  smaller, 
and  to  have  the  inner  lip  more  sinuated. 

Bulla  suprajurensis,  Rcem.  (Ool.  Greb.  p.  137,  pi.  9,  fig.  33)  is  a 
small  representative  of  this  group  in  the  Upper  Jura,  and  since  an 
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almost  identioal  form  is  now  living,  its  ooourrenoe  in  other  strata 
may  naturally  be  expected. 

In  Yorkshire  Btdla  tmdidata  is  only  from  the  Combrash  :  it  differs 
very  oonsiderably  from  the  fine  species  of  Bulla  which  occurs  in  the 
Coral  Ka^of  Ayton  (see  "  Corallian  Gasteropoda,"  Gbol.  Mag.  1881, 
PI.  IV.  Fig.  6). 

Appendix  and  Explanation  of  Tabls. 

Note  as  to  "  Trochus '' jugosus.  Bean  MS.— PI.  V.  Figs.  11,  11a. 
Shell  conical,  turrited ;  whorls  5  or  6 :  suture  well  marked,  and 
situated  in  a  hollow.  The  whorls  of  the  spire  are  angular,  and  slope 
outwards  to  a  very  prominent  carina  situate  about  two-thirds  down. 
Keels  sharp  and  apparently  plain.  Faint  traces  of  a  lower  keel 
may  be  noted  in  the  whorls  of  the  spire :  body- whorl  strongly 
bioarinate.  The  whole  of  the  shell,  including  the  base,  is  marked 
by  fine  spiral  lines.     Aperture  involved. 

I  can  hardly  believe  that  this  is  a  Trochus,  It  has  more  the  look 
of  an  Alaria  without  the  wing.  On  the  other  hand,  it  may  represent 
a  shell  which  never  had  a  wing.  I  would  here  direct  attention  to 
the  peculiar  fossil  called  by  Deslongchamps  Turritella  unicarinata 
(Mem.  Soc.  Linn.  Norm.  vii.  p.  161,  pi.  xi.,  fig.  68)  said  to  come  from 
the  Oxford  Clay  of  Dives.  The  author  admits  its  resemblance  to 
*' Bostellaria,*'  but  has  no  doubt  that  it  should  be  referred  to 
Turritella. 

**  Trochus  "  jugosus  in  Yorkshire  is  confined  to  the  Dogger,  where 
it  is  very  rare. 

Note  as  to  Nerinaa, — I  have  to  thank  Mr.  Witchell  of  Stroud,  and 
Mr.  Walford  of  Banbury,  for  drawing  my  attention  to  some  points 
in  connection  with  this  genus,  by  way  of  supplement  to  the  remarks 
made  by  me  in  the  Gbol.  Mag.  1884,  p.  108,  et  seq. 

Mr.  Witchell  writes,  **  I  have  never  seen  iV*.  cingenda  in  the  Pea 
Grit,  but  doubtless  Dr.  Wright  must  be  correct  in  putting  it  in  his 
list  One  of  the  characteristic  shells  of  the  Pea  Grit  in  the  Stroud 
area  is  N.  oppelensis,  but  Dr.  Wright  has  mentioned  it  as  occurring  in 
the  Oolite  Marl  at  Selsey  Hill.  This  is  an  error.  For  *  Oolite 
Marl '  read  '  Pea  Grit.'  Your  shell,  Plate  IV.  Fig.  8,  is,  I  think,  tho 
same  species.  I  have  also  a  Nerinaa  from  Bradford  Abbas,  and 
Mr.  S.  S.  Buckman  has  several  examples  ....  I  have  not  found 
the  genus  in  any  bed  lower  than  the  Pea  Grit,  although  I  have  seen 
in  the  cynocephaUi-zone  a  spiral  shell  which  may  possibly  be  a 
Nerinaa" 

Mr.  Walford  reminds  me  that  the  late  Mr.  Charles  Moore 
described  Nerinaa  liassica,  in  his  Middle  and  Upper  Lias  of  the 
S.W.  of  England.  It  does  not  yet  seem  absolutely  certain  what  this 
shell  really  is.  I  have  never  seen  a  specimen  myself.  Mr.  Walford 
possesses  one  about  4  mm.  in  height. 

I  may  also  mention  in  reference  to  this  subject  that  none  of  the 
so-called  Nerinam,  which  have  been  described  from  the  Trias  of  the 
Continent,  are  like  typical  Nerinacs  in  respect  to  the  columella  and 
disposition  of  the  folds,  though  such  shells  may  possibly  lead  up  to 
the  more  typical  forms  of  the  genus. 
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Note  on  Nertta  eosttdata,  Deehayes.  —  Mr.  Walford  writes  :  "  In 
your  comments  in  the  Geol.  Mao.  on  N.  eostulaUiy  you  speak  of  it  as 
not  occurring  in  the  G.  0.  I  have  several  specimens  from  the  base 
of  that  formation  with  the  slight  mesial  angularity  and  thickening 
of  the  costse  you  quote.     One  form  approaches  Neriia  rugosa,** 

Note  on  *' FhcisianeUa**  latiuscula,  Morris  and  Lyoett. — No  shell 
of  this  ''  species  "  has  yet  been  seen  by  me ;  but  bearing  in  mind 
the  very  considerable  abundance  of  the  so-called  **  Phaaiandfce'^  allied 
to  P,  elegam  in  the  Lincolnshire  Limestone,  I  have  less  hesitation 
in  admitting  this  '*  species  '*  into  the  Table  of  species  retained. 

Note  as  to  Cerithium  Comptonense. — Owing  to'  some  mistake,  this 
species  is  described  as  occurring  at  Compton.  It  really  occurs  at 
Weldon.     The  name,  however,  having  been  given,  should  stand. 

Note  on  Trochoioma  calix, — It  appears  that  the  specimen  figured 
(Plate  IV.  Fig.  6)  in  the  April  number  of  the  Magazine  is  regarded 
at  York  as  the  type  of  Solarium  calix,  Phil.  Therefore  the  first  half 
of  line  1,  p.  157,  should  be  cancelled. 

Note  on  the  Table  of  Fossils. — The  accompanying  Table  in  a 
great  measure  explains  itself.  The  numbers  in  the  left-hand  column 
refer  to  the  enumeration  in  the  text,  and  each  number  usually  repre- 
sents what  is  deemed  a  species.  The  right-band  columns,  seven  in 
number,  indicate  the  fossiliferous  zones,  and  the  star  or  letters  the 
occurrence  of  the  species.  A  few  are  noted  as  ascending  into  the 
Corallian.  The  number  of  representative  forms  in  the  Corallian  is 
much  greater. 

I  have  often  expressed  the  opinion  that  we  must  not  rely  too 
much  on  Tables.  They  are  apt  to  accentuate  the  palaeontological 
breaks  in  a  given  series  of  beds,  and  at  best  are  only  a  somewhat 
unsatisfactory  contrivance  for  affording  a  synoptical  view.  At  the 
same  time,  such  a  Table  as  this  may  be  relied  upon  to  indicate  how 
the  Gasteropod  fauna  of  the  Yorkshire  Oolites  continued  to  diminish 
in  richness  from  the  fine  start  it  made  in  the  Dogger,  until  it  be- 
came very  poor  indeed  in  the  beds  immediately  underlying  the 
Coralline.  Two  species  already  enumerated  in  the  **  Corallian 
Gasteropoda"  should,  however,  be  added  to  those  of  column  vii, 
which  represents  the  Lower  Calcareous  Grit.  These  are  (1)  ZittO' 
rina  muricaia,  Sow.,  var.  A,  which  takes  the  place  of  Turbo  PhiUipsi, 
M.  and  L. ;  and  (2)  Aetaon  retusus,  Phil. 

Taking  a  comprehensive  view  of  the  case,  and  not  relying  too 
much  on  the  Table,  the  results  are  that  a  somewhat  scanty  series  of 
Gasteropoda  in  the  Dogger  Sands  is  succeeded  by  a  really  rich 
Gasteropod  fauna  in  the  Dogger.  Most  of  the  genera  known  to 
occur  in  the  Yorkshire  Oolites  are  well  represented  on  this  horizon. 
The  genera  conspicuous  for  their  absence  or  rarity  are  the  so-called 
"  Phasianellas  "  of  the  P.  elegans  type  {Pseudomelania),  Trochus,  and 
Pleurotomaria,  On  the  other  hand,  Purpurina,  Nerinaa,  Alaria, 
OnustuSf  Neritopsis,  and  Trockotoma  now  appear  for  the  first  time  in 
the  Yorkshire  Jurassics.  In  the  case  of  Nerinaa  and  Alaria  these 
are  well  represented  both  in  individuals  and  probably  in  species : 
certainly  they  are  in  varieties ;  but  the  conditions  of  preservation 
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require  some  latitude  in  the  determination  of  these  points.  Certain 
demoid  types  are»  it  seems  to  me,  the  same  in  the  Dogger  and  in  the 
Corallian  Rocks,  suoh  as  Cerithium  muricatum,  and  probably  species 
of  TAUortna  and  Delphinula,  which  are  certainly  difficult  to  distin- 
guish from  well-known  Corallian  forms.  On  the  other  hand,  the 
abundant  Chemniizia  lineata-procera  of  the  Dogger  has  its  representa- 
tive species  on  the  higher  horizon  in  Chemniizia  HedcUngtonensia. 
And  so  it  is  with  most  of  the  Corallian  species  :  they  are  representa- 
tive rather  than  identical,  yet  in  many  cases  possessed  of  a  strong 
family  likeness  to  their  predecessors  of  the  Dogger.  The  following 
Corallian  genera  have  not  yet  been  enumerated  in  the  Dogger,  viz. 
Pui-puroidea,  Pseudomelaniat  and  Cylindrites, 

For  purposes  of  comparison  we  must  treat  the  Millepore  Rock  and 
Scarborough  Limestone  as  one  zone,  owing  to  the  difficulty  of 
separating  the  specimens  in  those  cases  where  the  nature  of  the 
matrix  cannot  always  be  relied  upon  to  assist  in  the  discrimination. 
Together  they  contain  about  half  as  many  species  as  are  yielded  by 
the  Dogger :  the  most  abundant  forms  are  decidedly  those  of  the 
Dogger  fauna,  especially  in  the  Millepore  Rock,  as  might  be  expected. 
About  one- third  of  the  species  in  the  Scarborough  Limestone,  or  third 
zone,  passes  up  into  the  Combrash,  where,  however,  the  prevailing 
species  are  very  diflFerent.  Somewhat  less  than  a  third  of  the  Corn- 
brash  species  passes  up  into  the  Kelloway  Rock.  Hence  the  Cornbrash 
occupies  a  somewhat  isolated  position  as  r^ards  its  Gasteropoda. 
The  few  species  which  occur  in  the  "  Oxford  Clay  "  are,  with  one 
remarkable  exception,  forms  which  have  been  noted  in  the  Kelloway 
Bock,  and  almost  the  same  may  be  said  of  the  few  species  known 
irom  the  Lower  Calcareous  Grit— at  least  these  latter  are,  for  the 
most  part,  no  more  than  varieties. 

As  before  observed,  the  Gasteropod  fauna  of  the  Yorkshire  Oolites 
had  now  sunk  to  an  extremely  low  ebb,  previous  to  that  wonderful 
revival  of  which  the  Corallian  Rocks  have  afforded  such  excellent 
proofs. 

End  of  Memoir  No.  2. 


ERRATA. 

Memoir  No.  1. 
Obol.  Mao.  1881. 
p.  122,  line  11,  for  »had'  read  'have.* 
p.  127,  line  4,  for  *  1870  '  read  *  1810.' 
p.  127,  below  line  16,  insert  Aetaon  retusus,  Phillips,  G.  Y.  pi.  ir. 

Memoib  No.  2. 
Obol.  Mao.  1882. 
p.  193,  line  18,  for  Fictii  read  FUtU, 
p.   ib.   line  20.  for  *  Superior '  read  *  Inferior.' 
p.  260,  line  17,  for  *  Monti.'  read  *  Montr.' 

Gbol.  Mao.  1884. 
p.  200,  line  11,  for  Cerithia  read  Ctrithia, 
p.  245,  line  3  from  bottom,  for  armata  read  armigera. 
p.  201,  line  4  from  bottom,  dele  ,. 

,,     line  5  from  bottom,  for  turrited  read  twitted, 

DSCADB  III. — VOL.  II.— NO.  TI.  17 
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III. — A  Plba  for  Comparattvb  Lithologt. 
By  C.  Callaway,  D.Sc,  F.G.S. 

IN  a  short  series  of  papers  in  this  Maoazinb  ^  on  Houi  to  work  in 
the  Archaan  Rocks,  I  briefly  set  forth  the  principles  of  correla- 
tion which  seemed  to  me  available,  and  pointed  out  the  precautions 
which  should  attend  the  application  of  each  test  I  discussed  the 
evidence  from  (1)  Organic  remains;  (2)  Order  of  superposition; 
(3)  Included  fragments ;  and  (4)  Mineral  composition,  llie  last- 
named  criterion  has  the  widest  application,  and  therefore  it  was 
necessary  to  define  its  scope  with  great  care.  I  showed  that  its  value 
largely  depended  upon  accessory  considerations.  I  insisted  that 
rock-groups  should  be  compared  as  a  whole,  that  the  degree  of  meta- 
morphism  was  an  important  factor  in  the  evidence,  that  a  valuable 
auxiliary  test  was  to  be  found  in  similarity  of  succession,  that  the 
proof  of  a  Pre-Cambrian  age  enormously  reduced  the  chances  of 
error,  and  that,  in  some  cases,  the  origin  of  the  deposits  was  a  useful 
aid  in  correlation.  I  recall  attention  to  these  points,  because,  at  a 
recent  debate '  in  the  Geological  Society,  some  of  my  critics  seemed 
to  believe  that  I  had  been  attempting  to  determine  the  age  of  forma- 
tions by  the  comparison  of  a  few  hand- specimens.  They  omitted  to 
take  fully  into  account  the  subsidiary  evidence  which  has  been  accu- 
mulated during  the  last  decade.  But  even  if  we  entirely  ignore 
this  mass  of  proof,  it  is  surely  of  interest  to  point  out  lithological 
resemblances  between  rock-systems,  even  if  we  are  not  prepared  to 
correlate  them.  Twilight  is  better  than  absolute  darkness.  We  may 
say  that  the  Pebidian  of  Hicks  is  like  the  Lower  Taconic  of 
Emmons,  without  asserting  the  contemporaneity  of  the  two  groups ; 
and  then  leave  the  lithological  hint  at  the  mercy  of  the  evolutionary 
laws  which  will  either  destroy  it  or  develop  it  into  a  theory. 

In  the  debate  to  which  I  have  referred,  it  was  suggested  that  as 
attempts  to  correlate  oi'dinary  sediments  by  means  of  mineral 
characters  had  broken  down,  and  similar  efforts  in  connection  with 
igneous  rucks  were  sharing  the  same  fate,  it  was  useless  to  apply  the 
lithological  test  to  the  crystalline  schists.  This  argument  is  not 
without  apparent  force,  and  requires  careful  analysis. 

It  is  quite  true  that  amongst  Post- Archaean  strata  we  do  not  pay 
much  attention  to  mineral  composition  ;  but  the  reason  for  our  com- 
parative neglect  is  not  that  we  love  lithology  less  but  fossils  more. 
If,  however,  organic  remains  were  to  vanish  out  of  the  earth's  crust, 
the  geological  record  would  not  become  an  utter  blank.  We  should 
venture  to  identify  the  Chalk  on  both  sides  of  the  Straits  of  Dover, 
without  thinking  it  necessary  to  run  a  tunnel  to  prove  absolute  con- 
tinuity ;  and  if  some  bold  lithologist  were  to  refer  Caen  stone  to  the 
age  of  our  Oolite,  we  should  not  brand  him  as  a  mere  dreamer.  But 
each  case  would  be  determined  on  its  own  merits,  and  it  would  be 
impossible  to  establish  even  an  empirical  law  of  correlation. 

The  objection  of  my  critics  proceeds  upon  the  assumption  that 
there  is  the  same  absence  of  law  amongst  the  ArchsBan  rocks.     It 

»  Aug  and  Sept.,  1881. 

2  On  my  Donegal  paper,  March  11th,  see  abstract,  printed  on  p.  278. 
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was  difficult  to  meet  this  attack  when  it  was  currently  believed  that 
crystalline  schists  might  be  of  any  age.  Bat  year  after  year  this 
belief  grew  weaker,  as  mass  after  mass  of  so-called  Cambrian  or 
Silurian  strata  fell  back  into  the  Archaean ;  until  at  last  those  who 
had  made  a  special  study  of  the  old  rocks  thought  they  could  detect 
amidst  their  complexities  the  dim  outline  of  a  law.  The  existence 
of  this  principle,  if  it  can  be  established,  will  raise  comparative 
lithology  into  a  valuable  test  of  the  age  of  a  rock-system.  I  will 
not  venture  to  definitely  formulate  this  suggestion ;  but  I  will  go  so 
far  as  to  say  that  our  present  knowledge  lends  some  support  to  the 
conclusions  that,  in  the  British  area  at  least,  crystalline  schists  have 
not  been  manufactured  on  a  large  scale  in  Post- Archaean  times,  and 
that,  amongst  the  Archaean  rocks,  the  antiquity  of  a  schist  is  in 
direct  ratio  to  its  degree  of  crystallization.  I  do  not  say  ''  degree  of 
alteration/'  because  this  would  involve  a  theory,  and  introduce  com- 
plication. 

I  have  not  forgotten  Prof.  Lap  worth's  ingenious  application  of  the 
roechanico-chemical  hypothesis  of  metamorphism  to  certain  of  the 
Highland  schists.  But  as  he  has,  with  rare  magnanimity,  abandoned 
the  publication  of  the  evidence  to  the  hands  of  the  Geological 
Survey,  we  must  postpone  discussion  of  the  question  till  the  official 
memoirs  are  issued.  Whatever  the  result,  the  main  conclusions  of 
Archaean  geologists  will  not  be  materially  affected.  Even  if  all  the 
newer  Highland  schists  were  thrust  back  into  the  Silurian  system, 
the  Archaean  age  of  the  schists  of  England  and  Wales  would  not  be 
touched.  Each  case  has  been  established  by  independent  evidence, 
and  can  be  overthrown  only  by  the  refutation  of  that  proof.  But 
should  my  Caledonian  system  be  destroyed  by  the  new  theory,  some 
modification  of  the  suggested  law  would  of  course  be  necessary.  It 
would  still  be  applicable  within  certain  limits  and  under  certain  con- 
ditions. Indeed,  I  do  not  even  now  claim  for  it  any  more  than  an 
empirical  and  local  value. 

I  start  with  the  proposition  that  in  Britain  there  occur  (at  least) 
two  Archaean  groups,  of  which  the  older  is  coarsely  crystalline,  and 
the  younger  either  eruptive  or  hypocrystalline.  These  are  the 
Hebridean  and  the  Pebidian.  There  is  some  reason  for  believing  in 
the  existence  of  a  third  series,  intermediate  in  age  and  degree  of 
crystallization  between  the  two ;  but  to  limit  controversy  I  exclude 
this  group.  The  Hebridean  and  the  Pebidian  are  as  truly  rock- 
systems  as  the  Cambrian  and  the  Silurian.  I  will  briefly  review 
the  evidence. 

At  St.  Davids,  we  have  a  granitoid  mass  (Dimetian)  overlain  by  a 
newer  group,  partly  volcanic,  partly  hypocrystallnie,  constituting  the 
typical  Pebidian  of  Hicks.  The  Archaean  age  of  the  Dimetian  has 
been  recently  attacked,  so  that  I  will  not  insist  upon  it  here ;  but  it 
is  admitted  on  all  hands  that  the  Pebidian  underlies  rocks  containing 
the  most  ancient  Cambrian  fossils  known ;  so  that  even  if  there  were 
no  break  at  the  base  of  the  fossiliferous  beds,  we  must  grant  that  the 
Pebidian  is  more  ancient  than  anything  which  can  be  proved  to 
be  Cambrian. 
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I  feel  myself  on  firmer  ground  in  Shropshire.  The  gneiss  of 
which  Primrose  Hill  is  a  fragment  is  highly  crystalline.  It  is  older 
by  an  interval  than  the  Wrekin  volcanic  series  (Uriconian),  for  it 
has  furnished  pebbles  to  Uriconian  conglomerates.  The  Wrekin 
group  is  either  volcanic  or  hypocrystalline,  and  it  is  certainly  older 
than  the  Longmynd  series,  for  the  purple  conglomerates  and  sand- 
stones of  the  latter  are  largely  derived  from  it.  There  is  a  third 
Archaean  group  in  Shropshire,  the  quartz-schists  of  Rushton,  but 
these  I  leave  on  one  side.  ITie  existence  of  at  least  two  Archasan 
systems  in  the  Wrekin  area  I  hold  to  be  absolutely  certain. 

In  Caernarvonshire  also  there  are  two  groups,  a  granitoid  mass 
like  the  Dimetian,  and  a  volcanic  series  similar  to  the  Uriconian. 
Both  of  these  are  Archaean,  since  Harlech  conglomerates  contain 
pebbles  derived  from  them. 

Anglesey  likewise  affords  proof  of  two  ancient  systems.  The 
older  is  gneissic  and  granitoid.  It  furnishes  rounded  fragments 
both  to  a  hypocrystalline  series  and  to  the  lowest  Palaeozoic  rocks 
in  the  island.  The  hypocrystalline  group  supplies  pebbles  and  large 
angular  pieces  to  conglomerates  which  are  of  at  least  Arenig  age, 
and  may  be  older. 

These  facts  receive  confirmation  from  other  areas  where  the 
evidence  is  less  satisfactory,  llie  Malvern  chain,  consisting  of 
highly  crystalline  gneiss,  is  flanked  on  the  east  side  by  altered  ix>cks 
which  closely  resemble  Pebidian  types  at  St.  Davids  and  in  Shrop- 
shire. In  the  Midlands,  near  Nuneaton,  volcanic  rocks  of  the 
Ohamwood  series  are  said  to  underlie  quartzites  which  are  certainly 
not  younger  than  the  Cambrian. 

The  conclusions  thus  briefly  stated  represent  the  independent 
observations  of  several  well-known  geologists,  each  differing  from 
the  rest  in  some  points,  as  might  be  expected  from  the  difficulty  of 
the  work,  yet  agreeing  with  them  in  the  main  facts.  As  I  have 
worked  out  some  of  these  results,  and  personally  verified  nearly  all 
the  rest,  I  can  speak  with  some  confidence,  and  I  do  not  hesitate  to 
say  that  the  existence  in  England  and  Wales  of  two  well-marked 
groups  older  than  the  Cambrian  has  been  clearly  proved.  The 
younger  of  these  systems  is  usually  volcanic ;  but  the  centres  of 
activity  are,  as  we  should  expect  from  analogy,  sporadic.  In  the 
Wrekin,  massive  lava-flows  alternate  with  ash-beds,  breccias,  and 
bands  of  homstone ;  but  a  few  miles  to  the  north-east,  in  Lilleshall 
Hill,  rhy elites  are  apparently  absent,  the  ridge  consisting  of  well- 
bedded  ashes,  homstones,  and  altered  shales,  together  with  some 
masses  of  volcanic  breccia.  These  strata  are  precisely  such  as  would 
be  formed  by  volcanic  action  at  a  distance  from  the  centre  of 
eruption.  The  altered  shales  and  homstones  form  a  connecting 
link  between  the  typical  volcanic  products  and  the  hypometamorphic 
schists  of  some  other  districts. 

In  North  Wales,  the  phenomena  are  similar ;  but  we  can  go  a  step 
further.  The  rhyolites  of  Llyn  Padam  and  south  of  Bangor  are 
obviously  not  far  from  volcatiio  focL  They  are  overlain  near 
Bangor  by  conglomerates  and  grits,   both  of  which  are  largely 
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derived  from  rhyolitio  materiaL  At  the  city  of  Bangor,  a  little 
further  from  the  laya-masses,  we  come  to  agglomerates  and  altered 
slates,  the  latter  made  up  of  "  volcanio  dust"  In  Anglesey,  we  are 
at  a  still  greater  distance  from  the  centre  of  eruption.  Lavas  are 
seemingly  wanting,  hut  almost  every  other  Pehidian  type  known  to 
me  in  South  Wales  and  Shropshire  occurs.  The  most  abundant 
varieties  are  felspathio  breccias,  homstones,  and  fine-grained  altered 
shales.  These  rocks  are  older  by  an  interval  than  (at  least)  the 
Arenig  period,  and  they  are  utterly  unlike  any  part  of  the  Cambrian 
group,  so  that  their  Pre-Gambrian  age  is  almost  certain,  even  if  we 
disregard  their  close  resemblance  to  the  Pehidian.  Associated  with 
these  Pehidian  types,  in  such  a  way  as  to  prove  that  they  are  parts 
of  the  same  system,  we  find  pale-green  slates,  like  those  of  Cham- 
wood,  grits,  conglomerates,  quartzites,  dolomites,  and  chlontic 
schists.  The  gnts  and  the  matrix  of  the  conglomerates  often  displi^ 
alteration,  the  slates  are  frequently  hypocrystalline,  and  the  schists  are 
sometimes  almost  as  highly  crystalline  as  those  of  Holyhead.  This 
region  has  been  affected  by  powerful  lateral  pressure,  giving  rise  to 
complex  contortion  and  thrust-planes ;  but  whether  or  not  the  earth- 
thrust  has  produced  the  metamorphism  does  not  concern  my  present 
inquiry.  I  will  merely  observe  that  the  crystallization  existed  in  Pre- 
Cambrian  times ;  and  that  the  Ordovician  rocks  have  been  intensely 
crumpled  and  repeatedly  sliced  by  thrust-planes,  yet  they  have  under- 
gone no  metamorphism  beyond  the  cleavage  stage. 

Our  studies  seem  then  to  prove  that  in  South  Britain  crystalline 
schists  in  regional  masses  occur  only  in  Archsdan  groups,  and  that  of 
the  two  well-established  systems,  the  younger  exhibits  but  partial 
crystallization.  These  facts  appear  to  shape  themselves  into  a  law, 
empirical  at  present,  but  of  sufficient  authority  to  raise  a  strong  pre- 
sumption in  fovour  of  its  application  to  a  wider  area. 

If  then  we  cross  St.  Gleorge's  Channel,  and  find  a  Pre-Cambrian 
series  with  mineral  and  petrological  characters  similar  to  the 
Pehidian,  displaying  also  a  hypocrystalline  structure,  varying  in  like 
manner  between  slight  alteration  and  fairly  distinct  schistosity,  are  we 
rash  in  assigning  such  a  group  to  the  Pehidian  system?  If  this 
inference  be  resisted,  if  belief  is  refused  until  we  can  trace  Pehidian 
rocks  under  the  sea  from  Anglesey  to  Ireland  inch  by  inch,  I  dare 
to  think  that  such  scepticism  is  irrational  and  destructive  of  scientific 
progress. 

I  have  already,  in  this  Maoazins,  November,  1881,  p.  494,  given 
reasons  for  believing  that  in  the  south-east  of  Ireland  there  are  two 
Archaean  groups,  probably  corresponding  to  the  crystalline  and  hypo- 
crystalline formations  of  Anglesey.  An  important  fact,  which  I 
wish  to  recall,  is  that,  in  the  r^on  south  of  Wexford,  the  direct 
proof  of  Archaean  age  is  very  strong.  The  masses  of  gneissic  and 
hypocrystalline  rock  lie  side  by  side  with  areas  of  Cambrian  and 
Ordovician  strata ;  yet  I  could  nowhere  find  evidence  of  a  passage 
between  any  two  of  the  groups.  The  Pal»ozoic  slates  and  shales 
displayed  no  alteration,  but  abutted  against  the  schistose  rocks  with 
sharp  lines  of  junction. 
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I  r^ard  Anglesey  as  the  stepping-stone  between  the  typical 
Pebidians  of  South  Britain  and  the  hypoorystalline  rocks  of  Leinster. 
A  sketch  of  a  few  Leinster  sections  will  here  be  giren. 

The  Hill  of  Howth. — The  rocks  of  this  well-known  promontory, 
projecting  into  the  Irish  Sea  north  of  Dublin  Bay,  have  been  referred 
by  Irish  geologists  to  the  Cambrian  epoch.  The  lithology  of  the 
strata,  however,  does  not  lend  any  support  to  this  view.  Taking  the 
section  from  north  to  south,  we  have  the  following  succession  : — 

1.  Light-grey  altered  shales. 

2.  Similar  shales,  interstratified  with  quartzite. 

8.  Ihid,  with  pale-green  schistose  slate  and  purplish-grey  shales. 

4.  Pale-green  breccia,  fragments  of  green  schistose  slate  like  the 
first  variety  in  6,  matrix  gritty,  with  schistose  lustre. 

5.  Pale-green  and  yellowish  altered  shales,  described  by  Prof. 
Bonnev^  as  "rc^ther  talcose  or  serpentinous " ;  interbedded  with 
quartzite  and  overlain  by  a  great  mass  of  the  same. 

6.  Quartzose  grit  interstratified  with  and  overlain  by  pale-green 
shales. 

The  resemblance  of  these  strata  to  the  hypometamorphic  (Pebidian) 
series  of  Anglesey  is  very  marked.  Quartzites  are  not  known  in 
the  Pebidian  of  South  Wales;  but  they  occur  in  that  group  in 
Anglesey.  In  Howth  Hill  they  are  still  more  conspicuous.  On  the 
other  hand,  there  is  little  likeness  between  the  Howth  rocks  and  the 
purple  and  green  aluminous  slates  and  unaltered  grits  of  Bray  Head 
and  the  Devil's  Glen,  which  are  usually  placed  in  the  Cambrian. 

Garriek  Mountain  (Co.  Wicklow). — ITiis  ridge  is  made  up  of 
quartzite  interbedded  with  yellowisht,  greenish,  and  purple  mudstone 
or  shale  with  a  north-westerly  dip.  These  rocks  are  not  unlike  some 
of  the  less  altered  varieties  of  the  Pebidian,  but  I  hesitate  to  speak 
positively. 

Aughrim  (Co.  Wicklow). — I  made  the  following  notes  of  this 
locality : — 

1.  One  mile  N.N.E.  of  the  town.  Grey  schistose  shale;  dip 
S.S.B.  at  66^. 

2.  One-eighth  mile  north  of  Macreddin  Bridge  and  ridge  east  of 
the  same.    Altered  slaty  beds;  black  subcrystalline  scbist;  same  dip. 

3.  Quarter-mile  S.S.E.  of  Three  Wells.  Similar  altered  slates; 
same  dip. 

The  rocks  of  this  district  have  a  marked  Pebidian  facies. 

Wexford  District, — Two  bands  of  newer  Archaean  and  Lower 
Pals&ozoic  rock,  striking  W.S.W.,  are  separated  by  a  strip  of  Car- 
boniferous Limestone. 

The  Northern  Zone  is  largely  composed  of  quartzite  and  other 
altered  rocks.  Going  in  a  north-westerly  direction  from  Wexford 
town,  we  pass  over  the  following  section  : — 

1.  Quartzite  interbedded  with  black  schists. 

2.  Green  shale  or  slate,  much  mineralized. 

3.  At  Carrick  Bride,  we  have  altered  green  slates.     These  appear 


^  In  MS.  notes  kindly  famished  by  my  desire. 
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in  the  roioroBcope  to  Prof,  Bonney  as  "  sohist  of  late  type  or  perhaps 
only  schistose  ....  fragmental  structure  still  oonspicuous." 

4.  Similar  schistose  rocks,  more  highly  mineralized. 

5.  Quartzite  (South  of  Carrick  Bridge),  with  thin  seams  of  soft 
grey  or  whitish  schist 

The  dips  of  the  above  are  at  40°— 65°  to  N.N.W. 

At  Bannow  Bay,  we  are  towards  the  western  end  of  the  same 
band.  East  of  the  Bay,  the  rocks  are  grey  shales  (Ordovician)  and 
light-green  and  purple  clay-slates  (Cambrian) ;  but  east  of  Bally- 
madder  Point,  Pebidian  rocks  are  well  exposed.  Grey  and  greenish 
schistose  slates  of  the  type  prevailing  N.W.  of  Wexford  occur.  A 
variegated  green  and  white  variety  is  beautifully  contorted.  We 
have  also  some  homstone-like  slates  and  laminated  hornstone. 

The  Pebidian  rocks  of  the  Southern  Zone  are  well  seen  in  a 
traverse  from  Ballycogly  to  Tom  Haggard.  The  rocks  are  tolerably 
uniform  from  end  to  end,  consisting  typically  of  pale-green  altered 
slates,  with  some  gritty  bands.  The  mineralization  is  not  so  great 
as  in  the  Northern  Zone.  The  strike  is  to  the  W.S.W.,  and  the  dips 
northerly  at  60° — 85°.     I  saw  no  quartzites  here. 

North-west  of  Greenore  Point,  there  is  an  outcrop  of  the  ordinary 
altered  slates  or  shales,  and  a  band  of  fine-grained  crystalline 
limestone.  At  the  Point  is  a  rock  which  Prof.  Bonney  thinks  is 
''  probably  an  andesitic  lava." 

In  the  Hill  of  Howth  and  near  Aughrim  the  evidence  for  a 
Pebidian  age  is,  so  far  as  I  know,  purely  lithological.  In  these 
localities,  it  may  be  objected  that  I  am  the  victim  of  hand-specimens. 
But  if  the  rocks  are  not  Pebidian,  what  are  they?  No  one  has 
proved  that  they  contain  Cambrian  or  Silurian  fossils ;  and  they  do 
not  form  part  of  any  known  Palsdozoio  formation.  We  are  thus 
driven  back  upon  comparative  lithology.  If  we  reject  this  test,  we 
are  left  in  utter  darkness.  In  Anglesey  and  south  of  Wexford,  we 
fortunately  possess  stratigraphical  evidence  of  Pre-Cambrian  age, 
which  in  northern  Leinster  appears  to  be  wanting ;  but  since  the 
rocks  of  Howth  and  Aughrim  are  quite  unlike  anything  we  know  of 
Cambrian  or  Silurian  age,  while  they  display  a  marked  resemblance 
to  the  Anglesey  and  Wexford  Pebidian,  both  in  mineral  characters 
and  state  of  crystallization,  I  hold  that  I  am  fairly  justified  in 
referring  th^m  to  the  Pebidian  system.  At  the  vei^  least,  I  have  a 
right  to  challenge  those  who  call  them  altered  Cambrian  or  Silurian 
to  offer  evidence  for  their  contention. 

When  we  pass  to  Ulster,  we  find  a  group  of  strata  which  I  have 
called  the  Lough  Foyle  8er\e$}  The  lithological  resemblance 
between  these  rocks  and  the  Pebidians  of  Leinster  and  Anglesey  is 
very  marked.  Quartzites,  quartzose  grits,  foliated  grit,  schistose 
shales  and  slates,  schists  with  distinct  clastic  structure,  and  black 
phyllites  or  subcrystalline  schists,  are  the  chief  types.  This  is  not  a 
case  of  similarity  between  two  Icinds  of  rocks,  but  between  two 
a$BewhlageB  of  I'ocks.  We  have  in  Ulster  a  group  mainly  composed 
of  six  or  eight  varieties,  and  in  Leinster  is  found  a  group  chiefly 
^  Quart.  Joum.  Geol.  Soo.  May,  1885,  p.  22. 
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made  up  of  six  or  eight  similar  varieties.  In  both  groups  the  degree 
of  crystallization  varies  between  the  slightly  altered  and  the 
minutely  crystalline  ;  but  in  Ulster  the  general  aspect  of  the  series 
is  rather  more  schistose.  If  the  L.  Foyle  Series  is  not  Pebidian, 
what  is  it  ?  Fossiliferous  Garadoc  strata  occur  on  the  margin  of  the 
Ulster  schistose  area,  but  the  former  are  mere  shale  and  sandstone,  as 
unaltered  as  any  English  Ordovician  rocks,  and  displaying  no  signs 
of  transition  towards  the  hypocrystalline  state.  If  the  L.  Foyle  Series 
is  claimed  as  PalsBOzoic,  I  have  a  right  to  demand  proof  of  the 
assertion.  I  should  also  like  to  inquire  why  a  metamorphosed 
Paladozoic  group  should  present  an  assemblage  of  rocks  resembling 
so  closely  the  Pebidians  of  Leinster  and  Anglesey. 

The  conclusions  which  I  have  been  advocating  are  strongly 
supported  by  a  comparison  with  some  distant  areas.  Of  these, 
space  will  not  permit  me  to  give  more  than  one  example,  which  I 
select  for  the  clearness  of  the  evidenoe.  Mr.  J.  £.  Marr,  in  his 
paper  "On  the  Pre-Devonian  Bocks  of  Bohemia,"'  states  that  beneath 
the  Lower  Cambrian  strata  he  found  two  well-marked  groups.  The 
older  was  gneissic.  It  furnished  pebbles  to  the  younger,  which  is 
described  as  having  been  '*  subjected  to  but  slight  metamorphism,  and 
that  only  in  places,"  and  consisting  of  ''  green  schists,  grits,  ashes, 
and  breccias,  interstratified  with  variously  coloured  homstones." 
These  rocks  in  their  turn  supply  rounded  fragments  to  the  Lower 
Cambrian.  Mr.  Marr  refers  the  younger  Pre-Cambrian  series  to  ^e 
Pebidian,  the  older  to  the  Dimetian.  This  interesting  case  shows  us 
that  in  Pre-Cambrian  times  similar  conditions  extended  over  wide 
areas,  and  confirms  our  faith  in  the  utility  of  comparative  lithology, 
when  applied  with  due  precautions. 

I  have  thus  given  in  outline  the  reasons  why,  amongst  the 
Archaean  rocks,  Tithological  evidenoe  possesses  a  value  9ui  generis. 
I  hold  that  the  principles  which  regulate  its  application  to  ordinary 
sedimentary  strata  and  to  igneous  rocks  do  not  apply  to  the  crystalline 
schists,  lliat  Pre-Cambrian  rocks  should  have  been  exposed  to  con- 
ditions, mechanical,  thermal,  and  chemical,  which  did  not  extend,  or 
extended  but  partially,  into  Paladozoic  times,  is  only  what  we  should 
expect  What  those  conditions  were  is  one  of  the  most  important 
problems  presented  by  our  science ;  yet  I  cannot  but  think  that  the 
question  will  hardly  be  ripe  for  settlement  till  we  have  ascertained 
with  certainty  the  true  Archaean  succession.  In  America,  some 
fundamental  points,  such  as  the  relation  of  the  Huronian  to  the 
Montalban,  are  in  hot  dispute ;  and  though  the  light  seems  a  little 
clearer  in  our  own  area,  we  can  do  little  more  than  see  men  as  trees 
walking.  Some  amongst  us  r^ard  our  Archaean  studies  as  barren 
and  unpromising.  It  seems  to  me,  on  the  other  hand,  that  our  investi- 
gation is  opening  out  most  fruitful  fields  of  labour.  We  are  working 
at  the  great  question  of  the  origin  of  the  crystalline  schists,  and 
striving  to  throw  light  upon  some  of  the  earlier  chapters  in  the 
earth's  crust.     At  present,  the  light  is  dim.     **  Let  it  grow." 

^  Quart.  Joom.  Geo!.  Soc.  November,  1880,  p.  691. 
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TV. — ^Two  MORE  English  Carbonifebous  Insects. 

By  Samubl  H.  Scuddbk,  Esq., 

of  Cambridge,  U.S.A. 

BY  the  kind  interrention  of  Sir  William  Dawson,  the  Rev.  H.  H. 
Higgins  has  sent  me  two  new  Carboniferous  Insects  of  suffi- 
cient interest  to  bring  to  the  attention  of  English  palsBontologists. 
They  are  both  preserved  in  the  Liverpool  Museum,  one  having  been 
presented  to  it  by  Major  Chambers  as  long  ago  as  January,  1858 ; 
while  the  other  was  mentioned  by  Mr.  Higgins  in  his  presidential 
address  to  the  Liverpool  Naturalists*  Field  Club  in  1871,  and  figured 
on  the  plate  of  the  Ravenhead  fossils  in  the  Liverpool  Museum 
(fig.  15)  which  accompanies  it     Both  the  wings  are  gigantia 

The  recent  discoveries  of  M.  Charles  Brongniart  in  the  Carbon- 
iferous rocks  at  Commentry  in  France  have  occasioned  something 
of  a  revolution  in  our  ideas  concerning  early  insects,  having  shown 
among  other  things  the  presence  in  Carboniferous  deposits  of  a 
group  of  walking  sticks  of  an  ancestral,  generalized  type  (see  Oeol. 
Mao.  1879,  Vol.  VI.  pp.  97-102,  PL  IV).  Their  wings,  for  instance, 
so  closely  resembled  in  their  neuration  the  general  structure  of 
neuropterous  wings,  that  up  to  his  discovery  detached  wings,  now 
known  to  belong  to  this  group  {Dictyoneura,  etc),  were  always  and 
unhesitatingly  classed  as  neuropterous.  M.  Brongniart  has  also 
discovered  fragments  of  a  gigantic  wing  which  is  either  the  same  as, 
or  closely  allied  to,  one  from  Derbyshire,  which,  from  a  basal  frag- 
ment, I  described  as  Archaoptilus  ingens  (Gbol.  Mag.  1881,  Vol. 
VIIL  p.  295),  showing  that  this  also  is  to  be  referred  to  the  same 
group.  Most  probably  the  fragment,  also  of  the  base  of  a  wing, 
which  Mr.  Higgins  figures  from  the  Lancashire  deposits,  belongs  to 
the  same  category ;  but  it  is  rather  too  incomplete  to  speak  of  it 
with  confidence.  Not  unlikely,  when  more  complete  examples  are 
found,  it  may  prove  to  be  a  second  and  smaller  species  of  Archaoptilm. 

Of  the  other  specimen,  we  may  speak  with  more  confidence,  as  it 
is  much  better  preserved,  showing  indeed  the  greater  part  of  the 
wing.  It  belongs  unquestionably  to  this  same  group  of  Frotophaa- 
mida,  as  Brongniart  calls  it,  and  bears  a  considerable  general  resem- 
blance to  the  still  lai^r  form  which  he  has  named  Dictyoneura 
Monyif  belonging  indeed  in  the  same  division  of  the  family,  where 
the  scapular  nervure  is  simple.  It  may  be  known  under  the  name 
of  JEdaophasma  ^  angUca. 

In  its  generic  features  it  is  characterized  by  the  great  breadth  of 
the  wing,  which  is  broadest  in  the  middle,  its  unbranched  scapular 
vein  (which  brings  it  in  the  immediate  vicinity  of  Ooldenhergia, 
and  especially  of  the  group  to  which  Dictyoneura  Monyi  and  D,  Got' 
denbergi  of  Brongniart  belong),  and  the  abundant  offshoots  of  the 
lower  veins,  which  in  the  distal  halves  are  closely  crowded  and 
repeatedly  forked,  while  in  the  basal  half  of  the  wing,  the  veins  are 
comparatively  distant  The  costal  margin  is  regularly  and  gently 
convex.    Notwithstanding  the  great  extent  of  the  wing,  the  extemo- 

^  AlSoMf ,  Fhatma, 
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median  and  anal  are  the  only  branched  veins,  and  the  former 
occupies  almost  iJie  entire  wing ;  its  lowest  branch  originates  close 
to  the  base  of  the  wing  (not  seen  in  the  specimen),  and  although  it 
runs  at  a  wide  distance  from  the  simple  intemomedian  vein,  it  is 
only  shortly  before  the  middle  of  the  wing  that  it  throws  off  its  first 
offshoots,  which  part  from  the  branch  at  a  wider  angle  than  else- 
where in  the  wing;  for  nearly  all  the  subordinate  nervules  are 
closely  crowded  together.  The  anal  area  extends  far  beyond  the 
middle  of  the  wing,  is  comparatively  narrow,  and  filled  with  very 
longitudinal  branches.  Moderately  distant  cross- veins  fill  the  wing, 
mostly  straight  and  transverse,  but  in  the  broader  interspaces  irre- 
gular and  often  branching.  The  length  of  the  fragment  is  75  mm., 
and  its  width  40  mm.  The  outer  margin  is  everywhere  broken  by 
reaching  the  end  of  the  nodule,  but  the  probable  length  of  the  wing 
was  130  mm.,  its  breadth  hardly,  if  at  all,  greater  than  is  preserved. 
The  expanse  of  wings  of  the  living  insect  must  have  been  somewhere 
from  250  to  300  mm.,  or  somewhat  more  than  ten  inches. 

The  exact  locality  from  which  the  specimen  was  obtained  is  not 
known,  but  Mr.  Higgins  says  that  it  certainly  comes  from  the  Liver- 
pool Coal-field,  llie  rapidly  increasing  number  of  Carboniferous 
winged  insects  in  other  parts  of  the  world  should  stimulate  search 
in  Great  Britain,  for  the  actual  number  of  forms  known  to-day  is 
probably  double  what  it  was  fifteen  years  ago.  These  are  the  first 
FrotophaBmida  recorded  from  Great  Britain. 

y. — On  thb  Suoobssivk  Staoss  of  Slatt  Cleavaok. 

By  Alfred  Habxbb,  B.A.,  F.G.S., 

Demonstrator  in  Petrology  in  the  Woodwardian  Museum,  Cambridge. 

SINCE  a  ''  shear  "  is  mathematically  the  same  as  a  compression  in 
one  direction  with  a  compensating  expansion  in  a  direction  at 
right  angles  to  it,  the  consideration  whether  slaty  cleavage  can  be 
ascribed  to  movements  of  this  character  resolves  itself  into  the 
question  whether  the  cleaved  rocks  have  or  have  not  suffered  a  total 
diminution  of  bulk.  The  most  convenient  way  of  treating  the 
question  is  by  discussing,  as  I  did  in  my  former  paper  (p.  16),  the 
form  of  the  "  ellipsoid  of  distortion."  The  ellipsoid  produced  by  a 
pure  shear  would  be  one  of  three  unequal  axes,  of  which  the  second 
or  mean  axis  would  be  a  geometric  mean  between  the  other  two : 
whereas,  if  the  expansion  did  not  compensate  the  compression,  the 
second  axis  would  be  greater  than  this  geometric  mean,  and  if  the 
expansion  were  slight,  the  second  and  greatest  axes  would  be  nearly 
equal.  I1ie  facts  seem  to  accord  with  the  latter  supposition,  and  the 
diminution  of  bulk  thus  indicated  agrees  with  what  might  be  a  priori 
expected. 

Consider,  for  instance,  the  probable  behaviour  of  a  rock  composed 
largely  of  fragments  of  long  and  fiat  forms,  having  initially  no 
cleavage  structure,  and  operated  upon  by  a  continued  longitudinal 
pressure  which  for  clearness  we  may  imagine  as  operating  in  a 
horizontal  direction.  It  appears  manifest  that  the  first  result  of  suck 
pressure  would  be  a  horizontal  compression  of  the  rock,  involving 
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a  oorresponding  decrease  of  bulk,  and  effected  by  the  oloser  packing 
of  the  constituent  fragments,  accompanied  by  the  expulsion  of  the 
greater  part  of  the  interstitial  water.  Such  packing,  facilitated  no 
doubt  by  the  fragments  slipping  over  one  another,  would  tend  to 
arrange  them  in  vertical  planes  perpendicular  to  the  direction  of  the 
pressure,  thus  setting  up  a  cleavage  structure.  The  ellipsoid  of  dis- 
tortion would  be  one  in  which  the  greatest  and  second  axes  would  be 
nearly  equal.  This  is  the  case  in  the  Devonian  slates  investigated  by 
Dr.  Haughton. 

But  there  must  evidently  be  a  limit  to  the  process  of  packing  just 
described,  and  when  this  was  reached,  since  there  could  be  no  further 
decrease  of  bulk,  continued  pressure  would  give  rise  to  a  vertical 
expansion  of  the  mass  compensating  the  horizontal  compression. 
The  movement  in  this  second  stage  of  the  process  might  be  justly 
described  as  shearing.  It  would  increase  the  greatest  axis  of  the 
ellipsoid  of  distortion  and  proportionately  decrease  the  least  axis. 
At  the  same  time  it  would  produce  a  more  perfect  cleavage  structure 
by  arranging  the  long  and  flat-shaped  fragments  more  exactly  in 
vertical  planes  perpendicular  to  the  direction  of  pressure.  This  is 
the  case  in  the  Llanberis  and  Borrowdale  slates  observed  by  Sorby 
and  Sharpe. 

As  a  still  further  result,  a  more  intense  pressure  would  probably 
bring  about  mineralogical  and  chemical  as  well  as  merely  mechanical 
changes,  the  rock  losing  its  eminently  fissile  character  by  becoming 
foliated.  This  connection  between  cleavage  and  foliation  was  long 
ago  pointed  out  by  Darwin  in  South  America.  The  obliteration  of 
fossil  remains  in  such  foliated  rocks  leaves  us  no  means  of  testing 
the  precise  character  of  the  distortion  they  have  undergone,  but  the 
ellipsoid  expressing  such  distortion  would  doubtless  be  excessively 
elongated  and  flattened. 

The  difference  between  the  processes  sketched  above  and  the  ideas 
developed  in  Mr.  Fisher's  papers  in  this  Maoazinb  is  evident.  He 
maintains,  in  effect,  that  the  whole  movement  which  produced  slaty 
cleavage  in  a  rock  was  one  of  shearing.  As  regards  Mr.  Fisher's 
paper  in  the  April  Number,  there  is  one  point  raised,  to  which,  as 
he  says,  I  have  hitherto  made  no  allusion,  viz.  the  relation  of 
cleavage  to  the  folding  of  the  strata  in  which  it  occurs.  Mr.  Fisher 
would  argue  that  since  the  direction  of  the  cleavage-planes  seems  to 
be  almost  independent  of  the  varying  dip  of  the  beds,  the  origin  of 
the  cleavage  structure  must  be  posterior  to  the  folding  of  the 
strata.  Granting  this,  however,  it  does  not  follow  that  the 
two  things  were  independent.  As  Mr.  Fisher  points  out  in  the 
same  paragraph  (p.  177),  they  are  two  distinct  modes  of  satisfying 
compression,  and  therefore  we  need  not  expect  to  find  them  pro- 
ceeding simultaneously.  That  contortion  of  the  strata  should 
precede  cleavage  is  a  matter  of  no  surprise,  if  the  latter  involve  an  ( 
actual  condensation  of  bulk  while  the  former  is  a  mere  change  of  |  ,  ^ 
position.  In  accordance  with  this  we  frequently  find  contortion  J  '^ 
without  cleavage,  but  cleavage  without  contortion  never.  In  many 
(»wes  also  there  is  clear  evidence  that  contortion  on  a  minute  scale 
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is  a  first  step  towards  a  cleavage  structure,  which  is  rather  different 
in  character  from  that  described  at  the  beginning  of  the  present 
article,  though  similar  in  its  effects.  This  has  been  studied  by 
Dr.  Sorby  in  the  slates  of  Liskeard  and  other  places,  and  is 
described  and  figured  by  Heim  under  the  name  AusweiehungBclivage. 
I  suppose  Mr.  Fisher  refers  to  something  of  the  same  kind  when  he 
speaks  of  a  frilled  schist  passing  into  a  rock  showing  schistose 
cleavage  (p.  176). 

In  conclusion,  I  should  like  to  correct  a  misapprehension  of  Mr. 
Fisher's  with  reference  to  my  former  paper.  I  have  always  supposed 
the  direction  of  cleavage  to  indicate  the  plane  perpendicular  to  the 
maximum  compression  {i.e.  the  principal  diametral  plane  of  the 
ellipsoid  of  distortion),  and  not  the  direction  of  shearing  (which 
would  be,  on  Mr.  Fisher's  hypothesis,  one  of  the  circular  sections). 
For  a  great  amount  of  shearing,  however,  the  two  planes  would 
make  only  a  small  angle  with  one  another. 

My  diagram,  like  that  of  Mr.  Fisher  to  which  it  corresponded, 
was  not  intended  to  have  any  relation  to  the  surface  contour  of  the 
land. 


la  E  -V^  I  E  ^W  S. 


I. — LiTHOLOGIOAL     STUDIES,     A     DSSOBTPTION     AND     CLASSIFICATION 
OF   THB    BOOKS    OF    THE    CORDILLEBAS.      By    M.    E.   WaDSWOBTH. 

(Memoirs  of  the  Museum  of  Comparative  Zoology  at  Harvard 
College,  vol.  xi.  pt  1,  pp.  208  and  xxziii.  plates  viii.)  Cambridge, 
Mass.,  Oct,  1884. 

THE  science  of  petrology,  or  petrography,'  as  Dr.  Wadsworth 
would  prefer  to  call  it,  has  been  cumbered,  more  perhaps  than 
any  other,  by  crude  hypotheses  and  wide  generalizations  founded  on 
slight  bases  of  facts.  To  students  weary  with  this  kind  of  literature 
Dr.  Wadsworth's  Lithological  Studies  will  be  a  welcome  refreshment. 
The  method  of  treatment  is  logical,  which  must  command  respect 
even  if  it  failed  to  convinoe;  the  style  is  clear,  and  not  seldom 
incisive.  Dr.  Wadsworth  in  controversy  "  calls  a  spade  a  spade," 
and  bursts  the  bladders  of  tumid  hypothesis  with  scant  ceremony. 

The  present  volume  is  but  an  instalment  of  a  work  which  must 
extend  to  a  considerable  length.  Its  basis,  as  implied  by  the  title- 
page,  is  the  lithological  collection  accumulated  by  Dr.  Whitney  in 
the  process  of  the  (uncompleted)  Survey  of  California,  but  in  dealing 
with  the  more  basic  portion  of  these  rocks  in  the  present  part  Dr.  Wads- 
worth has  found  it  needful  to  carry  his  investigations  far  beyond  the 
limits  of  the  Cordilleras.  The  opening  chapter  treats  briefly  of  the 
structure  of  the  earth.  The  author  thinks  it  probable  that  the  inmost 
portion  concerning  which  we  have  any  data  is  composed  of  iron,  with 

1  On  the  analogy  of  the  names  of  all  the  other  sciences  there  can,  we  think,  be  no 

?[ne8tion  that  this  use  of  the  term  petrography,  whatever  may  be  the  authority  in  its 
avour,  is  wrong.  Dr.  Wadsworth  uses  petrcgraphy  as  inclusive  of  litholoRy  and 
petrology,  the  latter  dealing  with  the  characters  of  rocks  observed  in  the  field  only : 
out  surely  this  is  merely  petrography ;  the  sdenoe  is  petrology. 
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or  without  nickel.  As  we  recede  from  the  centre,  pyrrhotite  is 
united  with  these ;  then  olivine,  enstatite,  and  sometimes  diallage, 
in  varying  proportions,  are  the  chief  constHuents.  From  this  zone 
we  pass  into  the  hasaltic  rocks,  then  into  the  andesites,  lastly  into 
the  various  representatives  of  the  most  acid  rocks.  But,  owing  to 
various  causes,  these  original  zones  have  been  much  disturbed  and 
mingled,  so  that  at  the  present  time  a  definite  and  regular  sequence 
of  igneous  rocks  is  hardly  to  be  expected.  The  author  passes  on  to 
consider  the  question  of  whether  the  so-called  igneous  rocks  are 
portions  of  the  original  magma  of  the  earth  or  of  sedimentary 
deposits  in  a  condition  of  aqueo-igneous  fusion.  Dealing  with  this 
question  after  a  strictly  logical  method,  he  shows  that  the  latter  view 
rests  rather  on  hypothesis  than  on  fact :  to  it  *'  the  field  evidence,  as 
well  as  the  microscopic,  is  opposed  in  toto"  Dr.  Wadsworth  also 
repudiates  the  attempt  to  classify  igneous  rocks  by  their  geological 
age,  while  he  admits,  of  course,  that  lapse  of  time  has  in  many  cases 
produced  subsequent  modifications,  and  there  is  a  possibility  that 
some  peculiar  conditions  prevailing  at  the  time  of  consolidation  may 
have  had  an  influence.  ISome  valuable  remarks  are  then  made  upon 
certain  of  the  more  important  rock-structures,  as  joints,  cleavage  and 
foliation,  and  on  misconceptions  which  have  arisen  concerning  them. 
The  author  then  passes  on  to  consider  the  chemical  analysis  of  rocks^ 
prior  to  which  he  points  out  the  frequent  misuse  of  this  mode  of 
investigation,  due  to  neglect  of  the  past  history  of  the  rock  and  of  pro- 
per  precautions  in  selecting  specimens  for  analysis.  An  interesting 
critical  sketch  is  given  of  the  history  of  opinion  in  regard  to  the 
species  of  ^e  felspar  group  of  minerals,  the  author  coming  to  the  con- 
clusion that  **  a  systematic  classification  cannot  properly  be  based 
on  any  such  variable,  indeterminate  materials."  In  his  opinion  a 
similar  relation  and  a  like  variability  seems  to  exist  in  the  enstatite- 
hypersthene-pyroxene-amphibole  group  of  minerals.  The  author 
then  states  his  views  as  to  the  principles  upon  which  a  rock 
classification  should  be  founded.  These  are  too  lengthy  for  quotation 
in  the  space  of  a  brief  notice,  but  the  following  extract  may  be  given 
as  Indicating  the  dominant  principle :  **  All  the  petrological,  litho- 
logical,  and  chemical  characters  should  be  used  in  determining  rock 
species ;  that  is,  the  rock  as  a  whole  and  in  all  its  relations  should 
be  considered.  The  classification  should  be  a  natural  one,  and 
therefore  empirical,  embodying  all  known  characters  of  the  rocks." 

The  second  chapter  in  the  volume  deals  with  the  Siderolites  and 
Pallasitee.  The  former  name  is  applied  by  the  author  to  rocks 
composed  chiefly  of  iron-— either  native  or  in  its  secondary  states, 
as  magnetite,  hematite,  menaocanite,  etc.,  with  or  without  nickel, 
graphite,  eta  It  includes  masses  of  iron  and  iron-ore  that  have 
fallen  as  meteorites,  with  some  of  eruptive  origin,  but  excludes  veins 
or  chemical  deposits  of  iron-ore.  The  name  Pallasite  is  given  to 
masses  of  iron  (perhaps  oxidized)  containing  olivine  and  occasionally 
felspar,  enstatite,  diallage,  etc.  Those  at  present  recognized  appear 
to  bid  of  meteoric  origin,  but  Dr.  Wadsworth  regards  a  variety,  to 
which  he  gives  the  name  Cumberlandite,  as  eruptive. 
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The  third  chapter  deals  with  the  Peridotites,  rooks  of  hoth 
meteoric  and  terrestrial  origin.  In  his  introductory  remarks,  the 
author  expresses  the  opinion,  in  which  most  of  those  who  have 
studied  the  suhject  will  agree,  that  the  Peridotites  are  essentially  of 
one  type,  viz.  rock  composed  of  olivine  with  sundry  adventitious 
minerals,  as  magnetite  and  members  of  the  spinel  group,  enstatite, 
augite,  etc.;  but  inasmuch  as  varieties  are  generally  admitted,  he 
accepts  or  proposes  the  following  varietal  subdivisions  and  names : 
olivine  mainly  =  Dunile  :  olivine  -f  enstatite  =  Saxonite  :  olivine-f 
augite  =  Picrite  :  olivine  +  diallage  =  Etdysiie :  olivine  -f  enstatite  + 
augite  =  Buchneriie  :  olivine  -f  enstatite  +  diallage  =  LherzoUte.  In 
regard  to  these  subdivisions  we  must  venture  a  slight  criticbm.  The 
name  Eulysite  is  generally  (and  we  believe  was  first)  applied  (as 
afterwards  used  by  the  author)  to  the  peridotite  from  Thunaberg,  in 
which  a  fair  proportion  of  garnet  is  present;  this  we  take  to  indicate 
a  not  unimportant  difference  in  chemical  composition.  We  doubt, 
also  the  possibility  of  separating  the  peridotites  with  diallage  from 
those  with  augite.  Our  own  specimens  of  Lherzolite,  taken  from  the 
typical  localities,  contain  augite,  and  the  diallage  is  not  a  strongly- 
marked  fonn.  We  should,  therefore,  prefer  to  give  distinctive 
names  to  the  olivine-augite,  and  the  olivine-enstatite-augite  rocks 
only,  prefixing  diallage  as  an  epithet  in  cases  where  that  variety  of 
pyroxene  happened  to  be  well  marked.  If,  however,  it  is  con- 
sidered desirable  to  maintain  this  distinction,  which  indeed  may  I  e 
defended  by  the  use  of  the  term  '  gabbro,'  as  distinct  from  dolerite, 
then  we  think  Lherzolite  may  fairly  be  retained  for  the  augite- 
bearing  variety.  Picrite  also,  we  think,  has  more  commonly  been 
applied  to  rocks  in  which  the  p3rroxenic  constituent  dominates  over 
the  olivine,  and  a  little  felspar  is  not  seldom  present — that  is  to  an 
augite-  (or  hornblende-)  olivine  rock,  rather  than  to  an  olivine-augite. 

Dr.  Wadsworth  then  passes  on  to  describe  a  large  number  of 
peridotites  from  various  parts  of  the  world,  both  terrestrial  and 
meteoric,  as  well  as  serpentines,  the  relations  of  which  to  peridotites 
are  clearly  indicated.  A  discussion  of  the  asserted  oli vine-schists  of 
the  Troad  is  inserted  here,  which  will  be  of  use  to  the  student  after  the 
rash  statements  which  have  been  made  concerning  these  rocks.  We 
are  not  surprised  that  Dr.  Wadsworth  is  convin^  that  the  schists 
are  derived  from  the  olivine-rock,  and  not  the  olivine-rock  from  the 
schists ;  the  latter  origin  is  opposed  to  such  a  number  of  facts,  that 
nothing  but  the  clearest  evidence  could  be  held  to  substantiate  it, 
and  this  is  certainly  not  forthcoming.  The  last  chapter  deals  with 
the  basalts,  but  only  those  of  meteoric  origin  are  discussed  here. 

Long  and  extremely  valuable  tables  of  chemical  analyses  follow ; 
the  first  indicating  the  relation  of  chromite  and  picotite,  the  others 
the  complete  analyses  of  a  large  number  of  the  rocks  discussed  in 
the  preceding  chapters.  The  plates  illustrative  of  some  types  of 
these  are  well  executed,  and  will  be  found  valuable.  As  no  group 
of  rocks  has  been  more  maltreated  by  speculative  geologists  than  the 
peridotites.  Dr.  Wadsworth's  volume  will  be  a  boon  to  the  perplexed 
student,  and  a  valuable  work  of  reference  to  every  petrologist  (or 
petrographer?).  T.  G.  B. 
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IL — Fauna  dbb  Oaskohlv  und  dib  Ealksteinb  deb  Pebmfor- 
MATiON  BoHMENS.  voii  Dr.  Anton  Fbitsoh.  Band  I.  heft.  4. 
(Prag,  1884.) 

Fauna   of  the  Oas-Goal  and   Limestone  or  the  Permian 
Formation  of  Bohemia. 

THE  fourth  part  of  Dr.  Fritsch's  work  oompletes  the  first  volume, 
which  extends  to  182  pages,  illustrated  with  116  figures  printed 
in  the  text,  and  48  coloured  plates.  It  is  a  work  for  which  naturalists 
will  he  grateful,  and  which  has  already  won  for  its  author  the  kindly 
regard  and  esteem  of  all  who  are  able  to  appreciate  his  labours. 
Professor  Fritsoh  begins  with  an  account  of  the  family  Hyalonomidaa, 
which  is  made  to  include  Dawson*s  genera  Hyalonomus  and  Smiler- 
peton;  and  four  genera  of  the  author's  named  Hyloplesion,  SeeUya, 
OrihocoBta  and  Jiicnodon,  which  are  fully  described. 

HylopUsion  is  a  slender  lizard-shaped  amphibian.  Its  skull  is 
broad,  tapers  anteriorly,  and  is  rounded  in  front  The  orbits  for  the 
eyes  are  plaoed  anteriorly.  The  cranial  bones  are  smooth,  with  a 
few  small  scattered  pits.  The  teeth  are  small,  slender,  smooth,  and 
even.  Traces  of  the  gill  arches  are  found.  The  thoracic  vertebrao  C 
have  the  spinous  processes  expanded  in  longitudinal  fans.  The 
ribs  are  curved,  five  times  as  long  as  the  vertebras,  with  both 
oapitulum  and  tuberculum.  The  whole  body  was  sheatbed  iii  scales,  < 
and  on  the  abdomen  these  have  a  thickened  posterior  margin,  but  ^  ^ 
are  only  one-third  the  size  of  those  on  the  dorsal  region.  Prof. 
Fritsch  points  out  the  resemblance  of  this  type  to  Hyalonomus ; 
but  because  that  genus  is  at  present  so  imperfectly  known,  and 
the  remains  show  some  differences  in  the  vertebrae,  teeth,  and  other 
organs,  a  new  genus  is  founded.  The  only  species  is  Hyloplesion 
longico$tatum.  Its  remains  aie  recognized  by  the  form  of  the  scalep, 
vertebrad,  and  ribs.  The  ovate  scales  which  are  very  small  on  the 
somewhat  short  tail  are  distinguished  by  dichotomousLy  branching 
radiating  ribbing.  Scales  appear  to  have  covered  the  bones  of 
the  skull.  Those  on  the  abdomen  appear  to  have  been  subquadrate. 
In  the  skull  the  parietal  foramen  is  large,  and  placed  toward  the 
anterior  third  of  the  large  parietal  bone  which  however  is  blended 
with  the  frontal.  The  skeleton  is  well  ossified.  In  the  upper  jaw 
there  are  about  13  teeth,  of  which  the  six  in  front  are  the  largest. 
The  jaw  is  short  and  ooly  extends  under  the  eye.  The  skull  bones, 
however,  are  more  or  less  scattered,  and  are  described  in  detail. 

There  are  about  thirty  vertebraa  anterior  to  the  pelvis,  and  forty  in  . 
the  tail.     The  notg^ord  is  continuous  through  the  concave  terminal  \^ 
cups  of  the  centrum.     The  zygapophyses  are  distinct  in  the  earlier  ^ 
vertebne  and  the  neural  spine  elongates  lower  down  the  back.     The 
sacral  vertebras  have  no  distinctive  characters.    The  caudal  vertebrce 
are  short  and  wide,  and  have  no  ribs.    The  pectoral  and  pelvic 
arches  and  limbs  are  imperfectly  preserved.     There  were  five  digits, 
terminating  in  clawed  phalanges. 

The  genus  Seeleya  is  founded  on  a  slender  amphibian  with  a  large 
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head  and  a  short  tail.  The  skull  is  triangular,  and  rounded  in  front 
The  teeth  in  the  premaxillary  bone  are  larger  than  those  in  the  maxil- 
lary ;  they  are  smooth,  and  have  large  pulp  cavities.  All  the  palatal 
bones  are  strongly  denticulated.     The  only  species  known  is  Seeleya 

I  pmilla.    Like  the  preceding  type,  it  is  covered  with  thin  oval  scales, 

t  which  are  diohotomously  ribbed. 

Only  the  under  side  of  the  skull  is  exposed.  There  are  four  large 
slender  smooth  teeth  in  the  premaxillary.  In  the  maxillary  bone 
there  are  10  or  12  teeth.  In  the  lower  jaw  18  teeth  are  seen  in  the 
dentary  bone.  The  vomer  carries  many  small  teeth.  The  para- 
sphenoid  has  a  slender  anterior  spine  and  a  small  posterior  quadrate 
shield.  Triangular  bony  plates  tapering  anteriorly  lie  on  each  side 
of  the  spine  of  the  parasphenoid,  and  fill  in  the  space  between  that 
bone  and  the  curved  pterygoid.  This  plate,  which  carries  scattered 
teeth  like  those  on  the  pterygoid,  is  regarded  by  the  author  as  the 

I   vomero-palatine.     The  notochord,  which  is  narrow,  terminates  ante- 

^  riorly  beneath  the  parasphenoid  in  a  fusiform  mass,  which  the  author 
regards  as  material  out  of  which  the  basisphenoid  is  to  be  developed. 
But  he  doubts  whether  the  cranial  poition  of  the  notochord  may  not 
be  in  direct  connection  with  the  vertebral  portion  as  in  bony  fishes, 
since  such  connection  would  account  for  the  circumstance  that  he 
has  never  been  able  to  distinguish  the  two  lateral  condyles  which 
are  presumed  to  exist.  But  it  seems  to  me  that  if  the  discontinuous 
character  of  the  notochord  is  established,  it  would  tend  to  show  that 
the  segmentation  of  the  protovertebras  in  development  was  not  com- 
plete anteriorly,  and  that  the  posterior  half  of  the  body  of  the  basi- 
occipital  centrum  may  perhaps  unite  with  the  body  of  the  first 
vertebra,  while  the  anterior  element  remains  united  to  the  basi- 
sphenoid portion  of  the  notochord.  And  if  so,  the  circumstance 
would  help  to  explain  the  relatively  great  development  of  the  exooci- 
pital  bones  characteristic  of  modem  amphibians. 

The  lower  jaw  is  strongly  developed  and  runs  the  entire  length  of 
the  skull.     There  are  slight  indications  of  branchial  arches. 

There  are  60  vertebrsB ;  of  which  88  belong  to  the  trunk,  and  27 
to  the  tail :  they  are  one  and  a  half  times  as  wide  as  long.  The 
neural  arch  extends  along  the  centrum,  and  has  the  neural  spine 
extended  both  in  front  and  behind  in  a  hatchet  form.  Similar  pro- 
cesses are  found  in  the  early  caudal  vertebras,  but  from  the  fortieth 
to  the  fiftieth  they  become  smaller  and  lose  the  antero-posterior 
expansion.  The  first  20  ribs  are  about  four  times  as  long  as  the 
vertebrae,  moderately  curved,  and  have  capitulum  and  tuberoulum 
equally  developed.  The  later  vertebne  become  rapidly  shorter.  In 
the  tail  the  ribs  have  but  one  head.  The  hinder  extremity  is  one 
and  a  half  times  as  long  as  the  fore  limb. 

The  genus  Bicnodon  is  instituted  for  a  small  amphibian  with  a  large 
head,  having  the  cranial  bones  pitted,  and  with  strong  limbs  which 
are  equally  developed  anteriorly  and  posteriorly.    The  parasphenoid 

\  and  pterygoid  are  armed  with  teeth.  The  scales  are  large.  The  genus 
includes  three  species,  named  Bicnodan  IJopei,  B.  dispersus^  and 
B.  trachylepis,  which  are  associated  by  the  author  with  some  doubt. 
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Bicnodon  Copei  has  four  teeth  in  the  premaxillary  bone ;  they  are 
slender,  with  blunt  crowns,  furrowed,  with  a  few  vertical  depressions. 
The  maxillary  teeth  are  smaller.  The  madibular  teeth  are  not  half  as 
long  as  those  in  the  maxillary.  The  pterygoid  has  a  remarkable 
sickle-shaped  form.  An  internal  process  meets  the  expanded  base  of 
the  parasphenoid.  The  whole  palatal  curved  portion  of  the  pterygoid 
is  densely  studded  with  small  teeth  like  shagreen.  The  vomer  is 
probably  similarly  covered  with  teeth.  In  the  vertebral  column  the. 
neural  arch  is  united  only  to  the  anterior  third  or  half  of  the  centrum. 
The  ribs  are  hollow,  three  times  as  long  as  the  vertebrae,  and  have 
beads.  The  scales  are  much  longer  than  the  vertebras,  and  are 
mostly  about  three  millimetres  in  length.  They  are  very  finely  ribbed 
and  somewhat  granulated  towards  the  extremity. 

Bicnodon  dispersvs  is  distinguished  from  the  preceding  species 
chiefly  by  the  scales,  which  have  the  hinder  border  thickened  and 
serrated.  The  furrowed  extremities  of  the  premaxillary  teeth  are 
like  those  of  the  foregoing  species.  Bicnodon  trachylepis  has  scales 
similar  to  those  of  Bicnodon  dispersus,  but  the  smaller  scales,  regarded 
as  abdominal,  are  nearly  square,  and  obliquely  keeled,  so  that  the 
lesser  portion  is  smooth  and  the  large  division  tubercled. 

The  genus  Orthocosta  is  formed  for  an  elongated  slender  amphibian 
with  unusually  elevated  spinous  processes,  which  are  constricted  at 
the  base  and  expand  in  a  fan-shape  above.  The  ribs  are  slender 
and  short.  The  caudal  vertebrsd  are  short,  with  well-developed 
spinous  processes ;  the  earlier  vertebrse  carry  ribs.  The  dorsal  scales 
are  oval  and  sculptured.  The  abdominal  scales  are  obliquely  widened 
and  thickened  on  the  hinder  border.  Orthocosta  micro8C4)pica  is 
founded  on  remains  so  minute  that  the  entire  animal  could  not  have 
exceeded  23  mm.  in  length  ;  yet  all  the  parts  are  completely  ossified. 
The  dorsal  scales  are  as  long  as  the  vertebrsd,  ovate,  ribbed ;  the 
ventral  scales  are  transversely  widened,  and  have  the  hinder  margin 
thickened  like  a  rod.  Twenty-one  trunk  vertebras  are  preserved, 
which  agree  in  form  with  those  of  Hyloplesion,  The  neural  arch 
is  higher  than  the  centrum,  and  is  limited  to  its  anterior  third.  The 
femur  is  three  times  as  long  as  a  dorsal  vertebra. 

A  lower  jaw  is  referred  from  the  character  of  the  teeth  to 
Lepterpeton. 

The  last  family  discussed  in  this  part  is  the  Microbrachidas, 
represented  by  the  genus  Microhrachia  and  three  species.  These 
animals  have  the  body  slender,  with  anterior  limbs  small,  and  cranial 
bones  sculptured  with  radiating  and  reticulate  grooving.  The 
middle  thoracic  plate  is  broad  with  a  long  stalk.  The  abdominal 
surface  is  defended  with  scales. 

Microbrachis  Feiikani  has  the  upper  bones  of  the  skull  marked 
with  radiating  grooves  which  form  a  network.  The  body  is  slender, 
with  the  tail  half  as  long  as  the  body  and  the  anterior  limbs  very 
small,  llie  entire  length  is  about  150  mm.  The  scales  which  were 
of  large  size  were  sculptured  much  as  in  the  preceding  species. 

The  orbits  of  the  eyes  are  oval  in  the  anterior  third  of  the  skull 
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aDd  ooDverge  forward.    The  foramen  parietale  is  nearly  in  the 
middle  of  the  parietal  suture. 

The  premaxillary  oarries  6  or  7  sharp  teeth  with  furrowed  points. 
Tlie  maxillary  oarries  27  pointed  teeth  with  the  smallest  in  front. 
The  palatine  process  oarries  small  denticles.  There  are  26  teeth  in 
the  mandible. 

On  the  under  side  of  the  skull  the  parasphenoid  has  a  rhomboidal 
shield,  and  an  anterior  stalk  marked  with  four  longitudinal  furrows* 
and  pits  at  its  base  which  may  indicate  a  group  of  teeth.  The 
pterygoid  bone  is  marked  with  oblique  fan-like  grooving  and  may 
have  carried  a  few  teeth.   The  orbital  ring  is  formed  by  7  or  8  plates. 

There  are  «S6  vertebrsd  in  the  trunk,  and  about  the  same  number 
in  the  tail.  The  caudal  vertebras  are  wide  and  short  The  thoracic 
Tertebras  have  a  short  transverse  process  to  which  the  ribs  are 
attached.  The  middle  thoracic  plate  is  relatively  small,  and  consists 
of  a  thin,  fan-shaped  plate,  with  the  margin  prolonged  into  thirty 
rays ;  the  stalk  is  scarcely  stronger  than  one  of  these  rays. 

The  humerus  is  about  one  and  a  half  times  as  long  as  a  vertebra, 
which  is  only  half  its  relative  length  in  Hylopletion.  The  fore  arm 
is  as  long  as  a  vertebra.  The  carpal  bones  are  unossified.  The 
femur  is  twice  as  long  as  the  humerus ;  and  the  tibia  and  fibula  half 
as  long  as  the  femur. 

Microbrachis  rnoUis. — In  this  species  the  radiating  furrows  on  the 
cranial  bones  are  simple  and  rarely  dichotomous.  There  are  12 
teeth  in  the  maxillary  bone.  The  animal  was  about  16  cm.  long, 
and  closely  resembled  the  foregoing  species,  but  had  the  skull  wider, 
with  a  round  snout.  The  teeth  are  stronger  and  less  numerous. 
There  are  38  thoracic  vertebras  and  20  to  25  caudal  vertebraa.  The 
neural  arch  is  at  first  low,  but  subsequently  becomes  more  elevated 
in  the  dorsal  region. 

Microbrachi$  (f)  hranchiophorua  is  only  known  from  the  skull, 
which  has  the  bones  furrowed,  with  a  parasphenoid  of  the  Micro- 
brachis type,  except  that  it  appears  to  carry  two  long  rows  of  teeth 
on  the  shield,  which  has  a  distinctive  emargination.   The  skull  was  as 
wide  as  long.     The  parietal  foramen  is  transversely  wide.     There 
are  12  teeth  in  the  maxillary,  and  18  in  the  mandible.    The  pterygoid 
carried  teeth. 
A      All  the  Amphibians  which  have  been  described  in  this  volume  are 
Y  I  devoid  of  traces  of  labynnthic  structure  in  the  teeth.     The  author 
.L  concludes  that  the  presence  of  br^^chial  arches  or  a  parasphenoid 
j^  C   hone  prove  the  remains  to  have  been  truly  amphibian ;  but  they  can 

in  no  sense  be  regarded  as  the  ancestors  of  living  UrodeUn ;  andc^ 
their  true  position  in  classification  needs  further  investigation.  The 
next  volume  will  be  chiefly  devoted  to  amphibians  in  which  the 
teeth  show  a  labynnthic  structure.  We  would  express  our  con- 
gratulations to  the  author  on  the  completion  of  the  first  volume  of 
his  arduous  and  admirable  labours.  H.  O.  Skblvt. 
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ni. — Ubbibr  Fisch-Otolithbn,   insbesovdkri   ueber  dibjenioek 

DER    NORDDEtJTSGHEN    OlIQOOAN    AbLAGERUNGEN.       Von    HeRRIT 

Ernst  Koken  in  Berlin.     Aus  der  Zeitschnft  der  Deutsoben 
geologischen  Qeaellschaftj  1884,  pp.  600—665,  Tafel  ix.— xii. 

On  the  Otoliths  op  Fishes,  more  Particularly  on  those  of 

THE  OlIGOOENE  STRATA  OP  NoRTH  OeRMANY.      By  ErNST  EoKEN. 

Journal  of  the  German  Geological  Society,  1884. 

THBOUGHOUT  the  Oligooene  strata  of  North  Germany,  fossil 
bony  fishes  are,  to  a  great  extent,  represented  merely  by  their 
detached  minute  otoliths  or  ear-bones,  and  the  author  in  this  paper 
has  endeavoured  to  ascertain  the  groups  of  fishes  to  which  these 
bodies  belong.  As  the  otoliths  of  existing  fishes  have  not  been 
described  by  zoologists  with  sufficient  detailed  precision  to  be  of 
service  for  comparison  with  the  fossil  forms,  the  author  has  studied 
those  of  different  living  species  belonging  to  60  genera  of  fishes, 
and  he  finds  that  their  characters  are  more  constant  in  different 
groups,  and  therefore  more  reliable  for  purposes  of  classification, 
than  many  of  the  other  skeletal  structures  which  are  generally 
employed  for  this  purpose. 

ITie  otoliths  are  laterally  compressed,  elongate,  to  nearly  circular 
bodies,  curved,  so  that  the  outer  side  is  mostly  concave,  whilst  the 
inner  is  convex.  On  the  convex  inner  side,  extending  from  the 
anterior  to  near  the  posterior  margin,  is  a  long  irapi-ession  or  sulcus, 
and  on  the  various  modifications  of  this  sulcus  the  more  distinctive 
characters  of  the  otoliths  rest.  The  concave  outer  side  of  the  otoliths 
is  marked  by  radiating  folds  or  tubercles,  or  by  a  combination  of 
both.  The  otoliths  are  formed  by  successive  concentric  layers  of 
minute  crystalline  rods  of  calcite,  and  these  minute  particles  have  a 
definite  angular  disposition  in  relation  to  radial  lines  extending  from 
the  centres  of  the  otoliths.  On  this  minute  interior  structure  the 
surface  characters  depend,  and  it  is  constant  for  each  species. 

Genuine  otoliths  are  only  present  in  the  auditory  organs  of  Tele- 
osteans  and  Ganoids ;  in  Sharks,  Rays,  Chimeroids  and  Cyclostomi, 
there  are  only  loose  irregular  aggregations  of  small  crystalline  par- 
ticles of  Calcite.  From  the  otoliths  present  in  the  Oligocene  strata 
of  North  Germany,  the  author  has  determined  21  different  species  of 
fishes,  belonging  to  8  families,  viz.,  the  Gadtda,  Percida,  Apogonida, 
Trachinida,  Sdanida,  Sparida,  Triglida^  and  Fleuronectida.  Of  these, 
the  Gadida  or  Cod  family  is  distinctly  predominant,  and  it  is  repre- 
sented by  7  species,  of  which  2  belong  to  Qadus  itself.  Professor 
Prestwich  also  records  that  the  otoliths  from  the  Norfolk  and  Suffolk 
Crag  belong  to  Gadus  and  allied  genera.* 

Otoliths  very  seldom  occur  in  their  natural  position  in  the  entire 
fossil  skeletons  of  fishes,  though  a  few  cases  are  known  from  beds 
in  which  fossil  fishes  are  very  abundant  and  well  preserved.  On  the 
other  hand,  they  are  by  no  means  uncommon  in  beds  in  which  no 
other  remains  of  fishes  are  met  with.  This  fact  may  perhaps  be 
explained  from  the  facility  with  which  they  would  fall  out  from  the 

*  Quart.  Jonrn.  Geol.  Soc  vol.  xxvii.  p.  132,  1871. 
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skull  and  sink  to  the  sea-bottom  on  the  decomposition  of  the  sacculus 
in  which  they  are  inclosed,  whilst  the  rest  of  the  skeleton  might  be 
drifted  to  distant  localities;  the  harder  structure  of  the  otoliths 
would  also  favour  their  preservation,  and  enable  them  to  resist  in- 
fluences which  would  completely  destroy  the  softer  bones  of  the 
skeleton. 


IV. — Transactions  of  the  Cumbrrland  and  Westmorland  Asso- 
ciation. No.  IX-  1883-84.  Edited  by  J.  G.  Goodohild, 
F.G.S.,  F.Z.S. 

PART  VIII.  of  these  Transactions  was  noticed  in  the  Geological 
Magazine  for  April,  1884.  The  number  now  before  us  con- 
tains an  interesting  and  suggestive  article  on  "  The  Penrith  Sand- 
stone," by  Mr.  J.  G.  Goodchild.  This  deposit  occurs  at  the  base  of 
the  New  Ked  Sandstone  series,  and  contains  conglomeratic  beds 
locally  known  as  Brockram.  The  lacustrine  origin  of  the  sandstone 
is  advocated  by  Mr.  Goodchild,  and  he  considers  that  the  Brockram 
may  have  been  produced  by  the  aid  of  shore-ice  in  the  old  lake. 
Most  striking  is  his  conclusion  that  not  only  the  Pennine  chain,  but 
also  the  Lake  Mountains  were  upheaved  after  the  New  Bed  period. 
Mr.  T.  V.  Holmes  furnishes  some  **  Notes  on  the  best  locality  for  Coal 
beneath  the  Permian  Bocks  of  North-west  Cumberland.'*  Miss 
Donald,  of  Stanwix,  contributes  ''Notes  on  some  Carboniferous 
Gasteropoda  from  Penton  and  elsewhere,"  describing  one  new  species, 
Acliaina  costatula.  The  paper  is  accompanied  by  a  plate.  Mr.  J. 
Leitch  figures  some  remains  of  Bos  primigenius  in  a  plate  accompany- 
ing some  "  Notes  on  the  Geological  Formation  and  Fossils  of  the 
Silloth  New  Dock."  Mr.  Goodchild  gives  the  concluding  part  of  his 
Contributions  towards  a  list  of  the  Minerals  occurring  in  Cumberland 
and  Westmorland.  Useful  local  scientific  notes  and  memoranda  con- 
clude the  volume. 


v.— Contributions  to  the  Natural  History  op  the  Bermudas. 
Part  L  The  Geology  of  Bermuda,  by  William  North  Bick. 
Bull.  Nat  Mus.,  No.  25,  pp.  1-32,  pi.  ii.-vi.    (Washington,  1884.) 

IN  recording  his  own  observations  and  summarizing  those  of  his 
predecessors  (notably  J.  Matthew  Jones,  Sir  Wyville  Thomson, 
and  Major-Gen.  Bichard  J.  Nelson,  B.E.),  Prof.  Bice  describes  the 
Bermudas  (long.  64°  4(y  —  66°,  lat.  32°  KK— 32**  2(y)  as  an  imper- 
feet  atoll  formed  about  an  undescribed  nucleus  during  a  period  of 
submergence  and  modified  by  (1)  elevation  during  which  the  atollic 
character  was  largely  obliterated  and  extensive  drift  sand-rock 
deposits  were  accumulated,  and  (2)  subsequent  depression  during 
which  the  wind-blown  sand  deposits  were  in  part  removed,  caves 
were  submerged,  and  lagoons  were  formed.  These  oscillations  are 
hypothetically  correlated  with  those  of  the  New  England  Quaternary 
period,  and  the  last  is  shown  to  be  pre-historic.  The  rocks  recog- 
nized are  (1)  coral  reef- rock,  (2)  beach  sand-rock,  derived  from  the 
first  by  wave-action,  (3)  drift  sand-rock  derived  from  both  the  pre- 
ceding by  -ffiolian  action,  (4)  "  red  earth  "  derived  from  all  of  the 
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foregoing  by  deoomposition,  and  (5)  small  quantities  of  erratic 
material  variously  derived.  The  fossils  appear  to  belong  to  recent 
forms.  W.  J.  M. 


VI. — California  Statb  Mining  Bubbau. 

THBOUGH  the  courtesy  of  Mr.  Henry  G.  Hanks,  State  Mineralo- 
gist,  we  have  received  a  copy  of  the  Fourth  Annual  Heport  on 
California,  which  he  has  prepared  for  the  year  ending  May  15, 1884. 
This  report  deals  with  information,  general  and  statistical,  in  relation 
to  the  Agricultural,  Commercial,  Manufacturing,  and  other  resources, 
interests,  and  industries  of  the  State.  The  chief  part  of  the  work 
is,  however,  devoted  to  a  Catalogue  and  Description  of  the 
"  Minerals  "  of  California  as  far  as  known,  with  special  reference  to 
those  having  an  economic  value.  This  Catalogue  contains  material 
of  much  general  as  well  6is  scientific  interest.  Thus  in  reference  to 
Petroleum,  there  are  accounts  of  its  different  forms,  of  what  the 
ancients  knew  about  it,  and  of  its  early  history,  origin,  and  uses. 
Coal  is  noticed  under  the  heading  ''  Mineral  Coal,"  which  includes 
Lignite,  Anthracite,  lonite,  etc.  lonite  is  a  hydro-carbon  mineral 
found  in  lone  Valley.  Considerable  space  is  naturally  devoted  to 
Gold,  its  properties,  alloys,  chemistry,  and  geology,  as  well  to  the 
history  of  its  discovery.  Iron,  Quicksilver,  Copper,  Lead,  and 
Silver  are  among  the  more  abundant  metals.  Chromite,  including 
accounts  of  chrome  ores  and  chrome  steel,  and  Iridium  are  noticed. 
Diamonds  also  are  mentioned,  and  an  account  is  given  of  Diatoma- 
eeous  Earth,  with  notes  on  its  localities  and  uses,  and  a  list  of  the 
Diatoms  found  in  it-  There  are  also  interesting  notices  of  Borax, 
of  Lime,  Building  Stones,  of  Clays,  together  with  accounts  of  brick 
manufacture  and  notes  on  Ceramic  art.  Under  the  heading  of 
Sulphur,  we  find  accounts  of  its  uses,  its  metallurgy,  of  the  mines 
nnd  works,  of  consumption  and  supply,  etc. ;  and  under  the  heading 
Quartz,  there  are  notes  on  the  Amethyst,  Buhr  Millstone,  False 
Topaz,  *'  Quartz  Jewelry,"  Glass  and  Glass  making  in  California. 

H.  B.  W. 


VII. — ^The  Young  Collector's  Handbook  of  Fossils.  By  Bernard 
B.  Woodward.  F.G.S.  Pp.  32.  Price  Id.  (London:  Swan 
Sonnensohein  &  Co.) 

THIS  concise  and  carefully -prepared  little  work  contains  notes  on 
the  principal  formations  represented  in  England  and  Wales, 
with  a  few  illustrations  of  the  fossils ;  and  also  remarks  on  the 
method  that  should  be  followed  in  collecting  and  arranging  specimens. 
It  is  written  by  one  who  is  evidently  an  enthusiastic  Naturalist,  and 
it  is  therefore  calculated  to  awaken  the  interest  of  those  who  have 
not  previously  devoted  attention  to  geology.  The  exceedingly  low 
price  is  likely  to  ensure  for  the  work  an  extended  circulation,  and 
perhaps  the  question  of  cost  may  have  influenced  the  author  in 
omitting  from  his  "  Works  of  Reference  "  the  important  Text-Book 
of  Geology  by  Dr.  A.  Geikie,  of  which  a  second  edition  is  just 
announced. 
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I.— 'March  11,  1885.— Prof.  T.  G.  Bonney,  D.So.,  LL.D.,  F.R.S., 
President,  in  the  Chair. — ^The  following  communioations  were  read : 

1.  "  The  Granitic  and  Schistose  Rocks  of  Donegal  and  some  other 
Parts  of  Ireland."    By  C.  Callaway,  D.Bc.,  F.G.S.* 

The  author  first  recalled  attention  to  the  current  theories  on  the 
nature  of  the  Donegal  granitic  rock,  one  which  described  it  as  a 
highly  metamorphosed  portion  of  a  sedimentary  series,  another  which 
regarded  it  as  a  mass  of  Laurentian  gneiss.  In  his  view,  however, 
it  was  a  true  igneous  granite,  posterior  in  age  to  the  associated 
schists.  In  six  districts  examined  it  was  intrusive  and  sent  out 
veins.  The  apparent  interstratification  with  bedded  rocks  was 
explained  as  a  series  of  comparatively  regular  intrusions.  Where  the 
granite  was  seen  in  contact  with  limestone,  the  latter  contained 
garnets  and  other  accessory  minerals.  No  gradation  could  be  dis- 
covered between  the  granite  and  any  other  rock,  the  junctions  (even 
in  the  case  of  small  fragments  of  schist  immersed  in  granite)  being 
well  marked. 

The  granite  was  distinctly  foliated.  In  some  localities  there  was 
merely  a  linear  arrangement  of  the  mica;  but  near  the  western 
margin  of  the  granite  promontory  there  was  a  striping  of  light  and 
dark  bands,  the  colour  of  the  latter  being  due  to  the  abundance  of 
black  mica.  The  gneissic  structure  was  attributed  to  lateral  pres- 
sure, the  existence  of  which  in  the  associated  strata  was  seen  in  the 
conversion  of  grits  into  schist-like  rocks,  in  the  production  of 
cleavage  in  beds  of  coarse  materials,  in  the  crushed  condition  of 
some  masses,  in  the  overthrow  of  folds,  and  in  the  production  of 
planes  of  thrust  The  direction  of  the  pressure  was  perpendicular 
to  the  planes  of  foliation  in  the  granite. 

The  schistose  rocks  of  the  region  were  divided  into  two  groups. 
The  Lough  Foyle  series  consisted  of  quartzites,  quartzose  grits  with 
a  mineralized  matrix,  slaty-looking  schists,  fine-grained  satiny 
schists,  black  phyllites,  and  crystalline  limestones  and  dolomites. 
The  semicrystalline  condition  of  most  of  these  rocks  was  character- 
istic. This  series  was  well  seen  at  Londonderry  and  on  Lough 
Foyle,  and  formed  a  broad  band  striking  to  the  south-west.  These 
rocks  were  compared  with  similar  types  in  the  Hill  of  Howth  (north 
of  Dublin),  near  Aughrim  (co.  Wicklow),  and  South  of  Wexford. 
The  Leinster  semicrystalline  masses  were  quite  unlike  the  Wicklow 
Cambrians,  and  bore  a  strong  resemblance  to  the  slaty  series  of 
Anglesey.  They  were  lithologically  intermediate  between  the  Donegal 
and  Anglesey  groups,  and  from  a  comparison  of  all  these  areas  the 
author  referred  the  Lough-Foyle  Series,  with  some  confidence,  to  the 
Pebidian  system.  The  prolongation  of  the  Lough-Foyle  rocks  into 
the  Grampian  region  was  well  known,  and  Ireland  thus  served  to 
connect  some  parts  of  the  Scottish  highlands  with  South  Britain. 

*  This  abstract  was  unfortuately  omitted  from  the  last  number. — Edit.  Geol.  Mao. 
'  See  paper  by  the  same  author,  p.  258. 
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The  author  was  not  prepared  to  correlate  this  Donegal  series  with 
any  American  group ;  but  the  lithologioal  affinities  were  rather  with 
the  Taoonian  than  with  the  Huronian. 

The  Kilmacrenaji  series,  in  which  the  granite  is  intrusive,  was 
described  as  crystalline,  and  older  than  the  Lough-Foyle  group.  It 
was  mainly  made  up  of  micaceous,  quartzose,  homblendic,  and 
hydro-magnesian  schists,  quartzites,  and  crystalline  limestones.  There 
were  no  indications  in  these  rocks  of  a  metamorphism  progressive  in 
the  direction  of  the  granite.  This  series  was  lithologically  similar 
to  the  Montalban  system. 

Fifty-five  microscopic  slides  of  Donegal  and  Leinster  rocks  had 
been  examined  by  Prof.  Bonney,  whose  observations  confirmed 
those  of  the  author  both  as  regards  the  nature  and  relations  of  the 
granite  and  the  general  characters  and  state  of  crystallization  of  the 
two  schistose  groups. 

2.  ''On  Hollow  Spherulites  and  their  Occurrence  in  Ancient 
British  Lavas.'*     By  Grenville  A.  J.  Cole,  Esq.,  F.G.S. 

Many  of  the  felstones  of  North  Wales  have  been  shown  to  be 
altered  lava-flows  of  an  originally  glassy  type.  In  several  localities, 
as  in  the  Pass  of  Llaoberis,  at  the  foot  of  the  Glyder-fawr,  tliese 
rocks  contain  numerous  nodular  bodies,  from  iV  inch  to  some  inches 
in  diameter.  The  smaller  varieties  have  the  appearance  of  spheru- 
lites, but  the  larger  are  very  often  hollow,  their  cavities  being  partly 
filled  with  minerals  deposited  by  infiltration.  The  lavas  thus 
receive  a  scoriaceous  character,  and  have  been  described  as  slaggy 
and  vesicular.  Similar  structures,  such  as  the  '' Lithophysen ''  of 
von  Eichthofen,  occur  in  rocks  of  much  later  date,  and  the  theory 
advanced  by  Szabo,  that  their  cavities  have  been  formed  by  the 
weathering-out  of  the  centres  of  spherulites,  has  been  pretty  gene- 
rally accepted.  A  consideration  of  hollow  spherulites  of  very  dif- 
ferent sizes  from  Iceland,  Lipari,  and  the  Yellowstone  area,  tends 
strongly  to  support  this  view,  those  portions  that  show  radial  struc- 
ture being  most  easily  attacked  by  the  agents  of  decompositiou. 
The  merely  concentric  coats  of  the  sphenilite,  on  the  other  hand, 
consisting  mainly  of  globulitic  particles  and  glass,  remain  but  little 
altered,  and  a  series  of  hollow  shells  may  arise  one  within  the  other, 
by  the  complete  removal  of  the  intervening  radial  matter.  The 
frequent  association  of  perlitic  structure  and  hollow  spherulites  in 
the  same  rock  may  be  due  to  the  number  of  channels  provided  in 
such  cases  for  the  passage  of  water  or  acid  vapours. 

Structures  resembling  the  **  Lithophysen  **  of  Hungary  occur  in 
the  altered  rhyolites  of  the  Wrekin,  the  cavities  being  filled  with 
quartz  ;  and  the  hollow  nodules  of  the  Silurian  felsites  in  the  Pans 
of  Llanberis  prove,  on  microscopic  examination,  to  have  been  origin- 
ally spherulites.  Many  of  these  nodules  show  marked  radial  struc- 
ture in  their  central  areas ;  and  every  gradation  exists  between  the 
solid  varieties  and  those  which  have  been  hollowed  out  or  replaced 
by  products  of  infiltration.  The  completion  of  such  a  process  of 
alteration  might  cause  a  rock  not  originally  vesicular  to  be  regarded 
as  an  ordinary  amygdaloid. 
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n.— April  15,  1885.— Prof.  T.  O.  Bonney,  D.Sc.,  LL.D.,  F.R.S., 
President,  in  the  Chair. — The  following  cotumunications  were  read  : 

1.  "  A  General  Section  of  the  Bagshot  Strata  from  Alderahot  to 
Wokingham."     By  the  Rev.  A.  Irving,  B.Sa,  B.A.,  F.G.S. 

The  author  referred  to  earlier  papers  in  the  Geological  Magazine,* 
in  which  the  green  colouring-matter  so  common  in  the  Middle  and 
Lower  Bagshot  strata  of  the  London  Basin  had  been  attributed  to 
the  presence  of  vegetable  debris  and  the  materials  resulting  from 
decomposition  of  vegetable  matter.  The  marked  difiference  in  this 
respect  between  these  strata  and  the  higher  members  of  the  series 
furnishes  a  clue  to  the  conditions  under  which  they  were  respectively 
deposited,  the  former  being  delta-  and  lagoon-deposits,  the  latter 
the  deposits  of  a  marine  estuary.  This  implies  a  transgressive  over- 
lap of  the  upper  portions  of  the^  Bagshot  series  upon  the  London 
Clay  ;  and  the  present  paper  was  devoted  to  a  consideration  of  the 
statigraphical  evidence  of  this  overlap. 

Sections  were  described  in  detail  at  Aldershot,  Famborough, 
Yateley,  Camberley,  Wellington  College  and  the  neighbourhood,  and 
from  the  last-named  place  to  Wokingham.  From  these,  a  general 
section  was  constructed  to  exact  scale,  both  as  to  thickness  of  strata 
and  altitudes,  showing  a  relation  of  the  Bagshot  formation  to  the 
London  Clay,  which  was  inconsistent  with  the  generally  received  idea 
of  their  conformability,  and  at  variance  with  the  mapping  of  the 
district  as  executed  by  the  Geological  Survey. 

The  importance  of  the  Bagshot  pebble-bed  as  a  basement-line  of 
the  upper  division  of  the  Bagshot  strata  was  shown,  as  was  suggested 
by  the  author,  so  long  ago  as  1880. 

The  synclinal  arrangement  of  the  London  Clay  was  shown  to  have 
been  produced  before  the  deposition  of  the  Bagshot  series,  though  a 
certain  amount  of  movement  (with  a  resultant  amount  of  150  feet 
of  tilting  in  13  miles  from  south  to  north)  has  since  taken  place. 

2.  ''  Notes  on  the  Polyzoa  and  Foraminifera  of  the  Cambridge 
Greensand."  By  G.  R.  Vine,  Esq.  Communicated  by  Thomas 
Jesson,  Esq.,  F.G.S. 

After  commenting  on  the  want  of  published  information  con- 
cerning the  Polyzoa  of  the  Cambridge  Greensand,  as  shown  by  the 
fact  that  none  are  mentioned  in  Mr.  Jukes- Browne's  list  of  the  fossils 
(Quart.  Journ.  Geol.  Soc.  vol.  xxxi.  p.  305),  the  author  proceeded  to 
explain  the  circumstances  under  which  he  had  been  entrusted  with 
the  whole  of  Mr.  T.  Jesson's  collection  from  the  coprolite-bed  for 
description.  The  collection  is  large  and  important,  and  the  Polyzoa 
contained  exhibit  a  facies  distinct  from  that  of  the  Jurassic  beds  on 
the  one  hand  and  of  the  Upper  Chalk  on  the  other.  There  is  but 
little  similarity  between  the  collection  now  described  and  the  forms 
known  from  Warminster  and  Farringdon.  The  majority  of  the 
Cambridge-Greensand  Polyzoa  occurred  unattached  to  any  matrix ; 
but  several  examples  of  attachment  have  been  observed,  chiefly  to 
0»trea,  BadioUtea,  and  species  of  Cidaris. 

A  list  showing  the  range  of  the  species  described  preceded  the 
1  See  Geol.  Mao.  1883,  pp.  404-413,  and  1886,  pp.  17-25. 
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actual  descriptions  of  the  following  kinds  of  Polyzoa 
nifera,  with  notes  on  their  relations,  etc.     It  included  :— 

Polyzoa. 


Stomatopora  ffraeilit.  Milne-Edw. 
Idmonea  dortata,  Hagenow. 
£tttalophora  rariporay  D'Orb. 

Jesaoniij  sp.  nov. 

'  ttriatopora,  sp.  nov. 

gigantopora^  sp.  nov. 

Diattopora  eietaeea^  Vine. 
— — —  var.  lineata,  var.  nov. 

^  fecunda^  sp.  nov. 
megaloporay  sp.  nov. 


Lichenopora,  sp. 

P  paueiporay  Vine. 

Dromopora  iteltaia^  Goldfuss. 

polgtaxiSf  Hagenow. 

Oaeulipora  piebeia,  Novall. 
TruneatulOj  sp. 

Membranifhra  eantahrigienaity  sp.  nov. 
Mieropofella,  sp.  (P  antiquata,) 
Lunularia  erstacea,  Defr.  &  D'Orb. 


FORAMINIFBRA. 


Webbina  lavit^  Sollos. 
tuberctdata,  Sollas. 


Trochnmmitia  irreguUrii  ?f  D'Orb, 
TexiukwiUt  sp. 


in.— April  29,  1886.— Prof.  T.  G.  Bonney,  D.So.,  LL.D.,  F.R.S., 
President,  in  the  Chair. — ^The  following  communications  were  read : 

1.  "On  the  Structure  of  the  Ambulacra  of  some  Fossil  Genera 
and  Species  of  Regular  Echinoidea."  By  Prof.  P.  Martin  Duncan, 
M.B.  (Lond.),  F.R.S.,  V.P.  Linn.  Soa,  F.G.S. 

After  noticing  the  general  knowledge  which  exists  about  the 
structure  of  the  ambulacra  in  the  Cidandse  and  the  elaborate  investi- 
gations of  Lovdn  on  the  Triplechinidro,  the  author  brought  before 
the  Society  the  results  of  his  own  work  with  and  without  the  co- 
operation of  his  fellow-worker  in  the  description  of  the  Echinoidea 
of  Sind,  Mr.  Percy  Sladen,  F.G.S.,  and  which  referred  to  the  Diade- 
matidas  and  the  Arbaciadas  of  the  recent  faunas.  Starting  with  the 
knowledge  of  the  construction  of  the  modem  Diadematidse,  the 
author  investigated  the  genera  HemipediHa,  Paeudodiadema,  PedinOy 
Hemicidarts,  Diplopodia,  and  Cyphosoma.  The  necessity  for  the 
re-establishment  of  the  genus  Dipfopodia  was  shown,  and  a  new 
genus,  Plesiodiademay  was  founded.  Pseudodiadema,  shorn  of  the 
i'orms  included  in  these  genera,  remains  and  differs  more  from 
Diadema  than  has  been  believed.  The  method  of  the  growth  of  the 
great  plates  of  Hemicidaris  was  explained,  and  the  comparison 
between  the  peristomial  plates  of  some  of  the  DiadematidsB  and  the 
universal  structure  of  the  ambulacral  plates  in  Pedtna  was  made. 
I'he  author  considered  that  there  are  six  types  of  ambulacra  in  the 
regular  Echinoidea,  so  far  as  the  group  has  been  investigated,  there 
still  remaining  much  to  be  done.  These  types  are  the  Cidaroid, 
Diadematoid,  Arbacioid,  Echinoid,  Cyphosomoid,  and  Diplopodous. 
In  conclusion  the  succession  in  time  of  the  structures  which  charac- 
terize these  types  was  considered. 

2.  "The  Glacial  Period  in  Australia."  By  R.  von  Lendenfeld, 
Ph.D.     Communicated  by  W.  T.  Blanford,  LL.D.,  F.R.S..  Sec.  G.S. 

Although  several  previous  writers  have  suggested  that  boulders 
and  gravels  found  in  different  parts  of  Australia  are  of  glacial  origin, 
the  evidence  is  vague  and  no  clear  proof  of  glaciation  has  been 
brought  forward.  During  a  recent  ascent  of  the  highest  ranges  in 
Australia,  parts  of  the  Australian  Alps,  the  author  succeeded  in 
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disoovering  a  peak  wbioli  he  named  Mount  Clarke,  7256  feet  high, 
and  in  finding  traoes  of  glaciation  in  the  form  of  roehes  fMiU<mnSe$ 
throughout  an  area  of  about  100  square  miles.  The  best-preserved 
of  the  ice-worn  surfaces  were  found  in  a  valley  named  by  the  author 
the  Wilkinson  Valley,  running  from  N.E.  to  S.W.,  immediately 
south  of  Miiller's  Peak  and  the  Abbot  Bange.  No  traoes  of  ice- 
action  were  found  at  less  than  5800  feet  above  the  sea. 

The  rocks  showing  ice-action  are  all  granitic,  and  the  fact  that 
the  surfaces  have  been  polished  by  glaciers  is  said  to  be  proved  by 
the  great  size  of  such  surfaces,  by  their  occurrence  on  spurs  and 
projecting  points,  by  many  of  them  being  worn  down  to  the  same 
general  level,  and  by  their  not  coinciding  in  direction  with  the  joints 
that  traverse  the  rock. 

In  conclusion  the  author  briefly  compared  the  evidence  of  glacial 
action  in  Australia  with  that  in  New  Zealand. 

3.  "  The  Physical  Conditions  involved  in  the  Injection,  Extrusion, 
and  Cooling  of  Igneous  Matter."      By  H.  J.  Johnston-Lavis,  M.D. 

The  great  disproportion  between  the  displays  of  volcanic  activity 
in  the  same  volcano  at  different  times,  and  between  the  eruptions  of 
different  volcanoes,  is  a  subject  deserving  the  most  attentive  con- 
sideration. The  violence  of  a  volcanic  outburst  does  not  bear  any 
relation  to  the  quantity  of  material  ejected.  The  union  of  water 
with  lavas  may  be  compared  with  the  solution  of  a  gas  in  water ; 
but  there  is  reason  to  believe  that  in  their  deep-seated  sources  lavas 
contain  little  or  no  water.  If  igneous  matter  be  extruded  through 
dry  strata,  the  eruption  might  take  place  without  explosive  manifesta- 
tions. But  if  igneous  matter  be  extruded  through  water-bearing 
beds,  a  kind  of  dialysis  would  take  place  between  the  igneous  and 
aqueous  masses.  In  this  way  the  tension  of  the  steam  in  the  fluid 
rock  may  at  last  become  so  great  that  a  fissure  will  be  formed  at  the 
surface  and  volcanic  action  will  follow. 

In  this  way  the  violence  of  a  volcanic  eruption  will  be  determined 
by  the  quantity  of  water  contained  in  the  strata  through  which  the 
lava  passes  in  its  passage  to  the  surface,  and  by  the  temperature  at 
which  it  reaches  the  surface. 

This  theory  explains  the  acknowledged  sequence  of  volcanic  out- 
bursts of  different  degrees  of  violence,  and  the  intervals  which  occur 
between  them.  It  also  explains  the  differences  between  the  central 
and  lateral  eruptions  of  a  great  volcano,  and  the  phenomena  attend- 
ing its  extinction. 

The  structures  of  the  igneous  rocks,  whether  of  basic  or  acid  com- 
position, are  greatly  modified  by  the  presence  in  them  of  volatile 
ingredients. 

The  succession  of  events  indicated  by  the  structure  of  Monte 
Somma  and  Vesuvius,  Roccamonfina,  Monte  Vulture  and  Monte 
Nuovo,  show  that  after  a  long  cessation  of  volcanic  activity  we  have 
an  extensive  production  of  fragmentary  and  scoriaceous  material, 
and  that  this  is  gradually  succeeded  by  the  eruption  of  lava-streams. 

The  water  and  other  volatile  substances,  such  as  sulphates  and 
chlorides,  which  are  given  off  abundantly  in  volcanic  eruptions,  may 
<tot  as  solvents  for  the  various  minerals  which  constitute  lavas. 
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rV. — Qboloqioal  Socibtt  of  Qlajoow. 
Mb.  John  Young,  F.G.S.,  on  "  Cone-in-Con«  "  Stbuoture. 

March  12,  1885. — ^The  following  is  an  abstract  of  the  paper  read  * 
by  Mr.  John  Young,  F.G.S.,  on  the  remarkable  and  puzzling  struc- 
ture known  as  '*  Cone- in-cone,"  which  has  not  up  till  this  time  been 
satisfactorily  accounted  for  by  any  geological  observer.  Mr.  Young 
stated  that  this  remarkable  rock  structure  is  found  in  certain  sedi- 
mentary strata  belonging  to  various  geological  formations,  and  is 
chiefly  composed  of  lime,  clay,  and  iron.  In  the  Carboniferous 
rooks  of  the  West  of  Scotland  it  is  generally  known  as  a  thin  stratum, 
or  in  flat  lenticular  masses  often  closely  associated  with  beds  of  clay- 
carbonate  of  iron  which,  from  the  contained  fossils,  give  indications 
of  having  been  deposited,  not  in  the  sea,  but  under  shallow  lacustrine 
conditions.  "Cone-in -cone  "  is  composed  of  a  series  of  vertical  cones 
of  varying  size,  arranged  in  successive  conical  concentric  layers,  one 
within  another,  the  apices  being  invariably  downwards  or  to  the 
bottom  of  the  stratum,  while  the  bases  of  the  cones  or  broad  ends 
are  upwards,  and  in  the  case  of  the  larger  examples  terminate  on  the 
surface  of  the  bed.  The  first  record  of  the  structure  which  had 
come  under  the  author's  notice  was  that  by  the  Rev.  David  Ure, 
who,  in  his  history  of  Rutherglen  and  East  Kilbride,  1793,  gave  a 
figure  and  short  description,  stating  that  "  cone-in-cone  **  was  found 
at  Mauchlanhole  Torrance,  Kilbride,  and  was  known  to  the  miners 
as  the  **  Maggyband."  There  were  also  several  other  notices  by 
subsequent  observers,  and  in  these  the  formation  of  the  structure  had 
been  ascribed  to  the  action  of  various  causes,  such  as  chemical  pre- 
cipitation, the  action  of  pressure  on  oimcretions  in  process  of  forming, 
and  to  a  kind  of  crystallisation  in  the  stratum  after  the  deposition  of 
the  sediment  of  which  the  bed  was  composed.  Mr.  Young  next 
pointed  out  in  detail  how  he  had  been  led  during  the  careful  study 
of  a  large  series  of  specimens  of  "  cone-in-oone,"  obtained  from 
various  localities  of  the  western  Scottish  coal-field,  to  form  very 
different  conclusions  as  to  the  origin  of  the  structure  from  those 
previously  advanced.  In  these  specimens  are  revealed  external 
characters  and  points  of  internal  structure  which  apparently  had  not 
been  recorded,  or  at  all  events  had  been  overlooked  in  all  the  descrip- 
tions which  had  come  under  his  notice.  Briefly  stated,  the  following 
are  the  chief  conclusions  to  which  he  had  been  led: — Ist.  That 
*'  cone-in-cone  "  structure  is  not  due  to  any  known  chemical  precipi- 
tation of  sediment,  subsequent  pressure  on  concretions,  or  to  crystal- 
line action  in  the  stratum  after  the  composing  sediment  was  deposited, 
but  was  in  all  probability  formed  by  the  upward  escape  of  gases 
generated  in  the  deposit  whilst  the  bed  was  in  the  process  of  forma- 
tion, the  gases  being  derived  from  the  decomposition  of  the  organisms 
present  in  the  sediment,  each  ebullition  of  gas  being  marked  within 
the  cones  by  a  new  or  successive  layer  of  calcareous  sediment.  2nd. 
That  the  cone  structure  origipated  in  the  lower  portion  of  the 
stratum,  the  cones  at  first  being  small  and  numerous,  but  as  the  bed 
increased  in  thickness  from  the  upward  growth  of  the  cones,  many 
^  From  report  in  North  Britith  Daily  Mail,  March  14th,  1885. 
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of  those  first  formed  beoame  extinot,  and  were  subsequently  buried 
under  the  spreading  layers  of  the  more  powerful  oones,  which  con- 
tinued in  action  until  the  structure  was  brought  to  a  close,  apparently 
through  the  gradual  decrease  and  final  cessation  of  the  gases  gene- 
rated, the  cones  ending  on  the  surface  of  the  bed  in  a  series  of  small 
minor  cones,  placed  within  the  circumference  of  the  broad  upturned 
ends  of  the  larger  cones.  8rd.  That  there  exists  between  successive 
calcareous  layers  of  the  cones  a  film  of  day  of  varying  thicknesses, 
which  does  not  seem  to  have  been  noticed  nor  described  by  previous 
observers,  and  that  to  this  thin  layer  of  clay  it  is  due  that  many  of 
the  cone  layers  now  readily  separate  from  each  other  when  the  cones 
are  fractured  vertically  to  their  axes  of  growth ;  also,  that  there  is 
seen  to  exist  within  each  cone  a  central  axis  or  tube,  now  filled  with 
argillaceous  sediment,  and  into  which  tube  all  the  separating  films 
of  clay  converge  downwards,  being  there  united  to  the  tube. 
Through  the  line  of  this  central  axis  or  tube  the  calcareous  layers  of 
the  cones  were  erupted,  the  separating  films  of  clay  being  deposited 
within  the  cones  from  the  water  in  which  the  stratum  was  being 
formed.  4th.  That  the  transverse  wrinkling  seen  on  the  inner 
surface  of  the  calcareous  layers  of  the  cones  appears  to  be  due  to  a 
creeping  downwards  of  the  plastic  sediment  of  each  layer,  through 
gravitation,  along  the  slope  of  the  cones;  and,  as  exemplified  in 
many  other  plastic  substances  moving  down  slopes,  their  surfaces 
are  often  likewise  seen  to  be  dragged  into  a  series  of  transverse 
corrugations,  owing  to  the  surface  film  of  their  layers  hardening 
more  quickly  than  that  immediately  below.  In  the  cones  the 
wrinkling  is  at  right  angles  to  the  line  of  movement  of  the  sedi- 
ment; and  it  is  clearly  evident  that  this  was  effected  during  the 
formation  of  their  several  layers.  Had  the  corrugations  been  caused 
at  any  after  )>eriod  by  pressure  or  any  other  agency,  we  should 
naturally  expect  to  find  the  separating  lines  of  clay  also  corrugated ; 
but  such  is  not  the  case.  It  is  only  the  upper  surfaces  of  the 
calcareous  layers  which  are  wrinkled,  and  it  is  clearly  evident  that, 
as  the  successive  films  of  clay  were  in  every  instance  deposited  on 
an  already  wrinkled  surface  of  the  calcareous  layer,  this  peculiar 
character  was  not  of  subsequent  production.  5th.  That  the  apices 
of  the  cones,  large  and  small,  are  invariably  directed  downwards  in 
the  stratum,  their  bases  or  broad  ends  being  upwards,  vertical  trans- 
parent sections  of  the  cones  show  that  there  is  no  truth  in  the  state- 
ment made  by  some  observers  of  ''cone-in-cone"  that  the  apices 
are  turned  inwards  towards  each  other,  with  their  bases  directed 
to  the  lower  and  upper  parts  of  the  bed.  The  whole  of  the  evidence 
afforded  by  Scottish  specimens  clearly  shows  that  the  action  which 
went  to  the  formation  of  this  curious  structure  was  exerted  from 
beneath  upwards  and  never  downwards,  and  that  towards  the  close 
of  the  growth  of  the  structure  the  ebullition  of  gas  from  below  became 
so  feeble  as  to  be  unable  to  do  more  than  to  form  a  group  of  very 
small  cones  at  the  surface  of  the  stratum,  and  that  small  quantities 
of  calcareous  sediment  were  then  erupted,  layer  by  layer,  until  their 
summits  became  raised  above  the  general  surface  level  of  the  bed, 


Digitized  by 


Google 


Correspondence— Mr.  F.  Rutley—Prof.  J.  F.  Blake.     285 

after  which  they  beoame  finally  extinct  The  aathor,  in  oonclusion, 
referred  to  the  various  localities  from  which  he  had  obtained  "  cone- 
in-oone/'  and  stated  that  in  the  Scottish  ooalfield  the  structure  seems 
to  be  always  associated  with  strata  in  which  the  contained  organisms 
indicate  a  freshwater  and  lacustrine  origin  for  the  beds,  and  that  the 
deposits  were  therefore  probably  formed  within  the  areas  of  wide  and 
shallow  lakes. 


cosiiEsi'oisrDEiircBj. 


THE  ENSTATITIC  LAVAS  OP  EYCOTT  HILL. 

Sib, — With  reference  to  the  interesting  paper  by  Prof.  Bonney 
on  the  Enstatitic  Lavas  of  Bycott  Hill,  which  appeared  in  the  last 
Number  of  this  Magazine,  I  venture  to  make  the  following  remarks. 

At  the  time  when  Mr.  Ward  wrote  his  memoir  on  the  Geology  of 
the  northern  part  of  the  Lake  District,  the  term  andesite  was  not  in 
use,  except  as  a  synonym  for  andesine  felspar.  At  that  period  the 
rocks  now  termed  andesite  were  called  basalt  or  dolerite. 

The  determination  of  rhombic  pyroxene  in  rocks  of  this  class  had 
not  then  been  made,  at  all  events  in  this  country,  and  the  researches 
of  Whitman  Cross,  Iddings  and  Teall  have  been  published  long  since 
Mr.  Ward's  death.  Although,  therefore,  enstatite  exists  in  the 
Eycott  Hill  Lavas,  as  now  shown  by  Prof.  Bonney,  it  is  not  sur- 
prising that  Mr.  Ward  did  not  suspect  its  presence.  This  is  the 
less  to  be  wondered  at  when  we  consider  that  he  laboured  under  the 
great  disadvantage  of  working  with  a  microscope  which  had  no 
rotating  stage  or  appliances  for  determining  the  precise  directions  of 
extinction  in  crystals. 

It  is,  I  think,  only  justice  to  a  departed  friend  and  colleague  to 
offer  these  explanations.  Fbamk  Kutlby. 

93,  Edith  Road,  Wbst  Ebnsinoton. 


THEOET    OP    FAULTS. 

Sir, — I  have  referred  to  Captain  Hutton's  note  on  Malta,  and 
quite  agree  with  him  that  the  explanation  he  gives  of  downward 
ending  faults  may  be  the  right  one.  What  I  inquired  was,  if  any 
geologists  knew  of  uptrard-ending  faults  in  one  set  of  strata  ? 

While  I  am  writing  on  this  subject,  will  you  allow  me  to  add  that 
as  some  of  my  friends  have  expressed  disapproval  of  the  tone  of  my 
criticisms  on  Mr.  Fisher's  paper,  I  regret  that  I  was  led  to  adopt 
it.     I  had  no  intention  of  being  either  personal  or  offensive. 

Doubtless  we  all  have  our  weaknesses,  and  if  each  were  to  be 
attacked  in  a  similar  manner,  harmony  would  soon  be  at  an  end. 

NoTTOroHAM,  ApHl  29,  1886.  J.  F.  Blake. 


M0MAL0N0TU8    CJRASSICAUDA,    SANDB.,    FEOM    SOUTH    DEVON. 

Sib,— The  remains  of  Homalonoti  from  British  Devonian  beds, 

which  were  known  at  the  time,  having  been  described  by  yourself  in 

the  Gkol.  Maq.  for  November,  1881,  and  April,  1882,  it  appears  to 
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me  worth  while  to  plaoe  upon  record  the  ooenrrence  of  another 
Bpeoies  from  the  New  Cut,  Lincombe  Hill,  Torquay. 

I  have  a  pygidiom  in  fair  preserration,  not  ezoessively  distorted, 
but  without  the  shell,  which  I  feel  no  hesitation  in  referring  to 
H,  erasticauday  Sandberger,  from  the  Lower  Devonian  of  the  ^ifel 
and  Nassau.  Mj  specimen  is  rather  larger  than  the  one  figured  by 
the  Sandbergers.^  Owing  to  transverse  pressure  it  has  bulged  to 
the  left  of  the  axis,  giving  the  latter  the  appearance  of  too  great 
width  for  the  species,  but  this  impression  is  corrected  when  the 
pleural  portion  (somewhat  doubled  under  the  bulge)  is  examined. 
Qlie  right  pleural  portion  is  rather  imperfect,  and  a  small  piece  of 
the  flattened  extremity  is  missing;  but  notwithstanding  these 
defects,  the  profile  closely  corresponds  with  Sandberger's  figure  (7a). 

To  refigure  a  well-known  species  seems  unnecessary,  but  I  send 
the  specimen  for  your  examination.  A.  Champbrnownb. 

I  am  happy,  after  examination  of  the  specimen,  to  be  able  fidly  to 
endorse  Mr.  Champemowne's  determination  of  the  species. — H.  W. 

METHYLOSIS  AND  PAEAMORPHOSIS. 
Sir, — The  statement  as  it  appears  in  my  paper  in  reference  to  the 
above  is  incorrect.     MethylosU  is  chemical  change  from  without, 
while  Paramorphoais  is  a  molecular  re-arrangement  without  any 
chemical  change.  G.  Henbt  Kinahan. 

April  3rd,  1886. 

THE  CLASSIFICATION  OF  THE  JURASSIC  SYSTEM. 

Correction  of  typographical  error  in  Dr.  Blanford's  letter. 

The  Editor  regrets  that  by  a  most  unfortunate  oversight  on  his 
part,  the  word  Callovian,  in  Dr.  Blanford's  letter  (on  the  third  line 
Irom  the  top  of  p.  240,  in  the  May  Number  of  the  Magazine)  was 
by  error  printed  "  Calcarian."    The  passage  should  read  thus : — 

'*  I  did  not  attempt  to  enter  into  the  classification  of  minor  sub- 
divisions like  the  Lower  Calcareous  Grit.  But  when  Mr.  Jukes- 
Browne  calls  attention  to  my  omission  to  mention  this  band,  he 
must  have  overlooked  the  circumstance  that  he  has  forgotten  to 
notice  the  far  more  important  Calloviany  which  intervenes  between 
the  Oxfordian  and  the  Combrash,  and  which  is  one  of  the  best  known 
and  most  widely-sprecu]  subdivisions  of  the  Jurassic  system." 

Edit.  Geol.  Mao. 


JOHN  WATSON  LAIDLAY. 
John  Watson  Laidlay,  son  of  John  Laidlay,  Epq.,  of  Fleetwood, 
was  bom  at  Glasgow  on  the  27th  March,  1808.  He  commenced  his 
education  at  a  private  school  at  Blackheath,  and  soon  afterwards 
became  a  pupil  of  the  illustrious  Faraday,  with  whom  he  studied 
practical  Chemistry,  the  enthusiastic  pursuit  of  which  had  a  great 
influence  on  all  his  after  life. 

1  '*  Die  Yerateineraneen  des  Bheinisches  Schichten,'*— *'  Systems  in  Nassau." 
Atlas,  pi.  ii.  figs.  7,  7a,  7b. 


Digitized  by 


Google 


Obiiuart^ — John  Watson  Laidlay.  287 

He  studied  Hindustani  under  Dr.  Gilchrist  in  London,  wbere  he 
had  the  good  fortune  to  meet  the  late  Bishop  Heher.  When  yoxxny; 
Laidlay  had  only  attained  his  17th  year  he  went  out  to  India  in  1825, 
and  entered  the  employment  of  his  unoles,  Messrs.  John  and  Bobert 
Watson  &  Co.,  merchants  and  Indigo  planters,  Bengal,  who  were 
also  proprietors  of  many  of  the  best  silk  filatures  and  factories  of 
the  East  India  Company,  such  as  Berhampore,  Bampore-Beauleah, 
Surdah,  etc.  He  was  generally  in  charge  of  either  an  indigo  factory 
or  a  silk  filature  from  1826  till  about  1841,  when  he  spent  some  time 
in  Berhampore,  t.6.  Moorshedebad,  where  he  made  many  friends.  He 
married,  in  1844,  Miss  Ellen  Johnstone  Hope,  daughter  of  William 
Hope,  Esq.,  of  Duddingston,  near  Edinburgh,  and  after  that  resided  in 
Calcutta.  His  talent  for  languages  was  very  great,  and  his  love  of 
deciphering  inscriptions  on  the  stones  of  ancient  edifices  and  on 
coins,  and  his  perseverance  in  chemical  researches,  brought  him 
into  correspondence  with  many  of  the  early  scientific  men  connected 
with  Indian  afiairs,  who  afterwards  became  his  attached  personal 
friends. 

His  most  numerous  literary  and  scientific  communications  were 
published  in  the  Journal  of  the  Bengal  Asiatic  Society.  He  was  also 
connected  with,  and  for  a  short  time  one  of  the  Secretaries  of,  the 
Boyal  Asiatic  Society  of  BengaL  In  the  Journal  of  the  former 
society  his  name  appears  in  connection  with  numerous  memoirs 
between  the  years  1834  and  1849.  He  originated  the  '^  Bibliotheca 
Indica,"  a  serial  publication  of  native  Indian  literature^  which  has 
proved  a  most  valuable  work,  and  is  still  continued.^ 

His  translation  of  *'The  Pilgrimage  of  Fa  Hian"  showed  great 
perseverance.  In  1839  he  went  to  the  Straits  Settlements  for  his 
health,  where  he  made  the  acquaintance  of  Bajah  Sir  James  Brooke. 

His  services  in  India  extended  from  1826  to  1849,  when  he  retired 
from  active  life  to  reside  partly  in  London  and  at  various  other 
places,  and  finally,  in  1854,  at  Seacliff,  near  North  Berwick,  Had- 
dingtonshire, Scotland. 

Here  his  private  life  was  one  of  constant  study  and  useful  work 
in  chemistry,  meteorology,  archasology,  and  natural  history  pursuits. 
But  much  learning  did  not  turn  his  thoughts  from  a  warm  interest 
in  the  welfare  of  his  family,  and  now  that  he  is  gone,  they — more 
than  all  others  who  knew  the  never-failing  charm  of  his  conversation 
and  the  goodness  of  his  large  and  generous  heart — can  realize  how 
great  is  their  loss. 

At  Seacliff,  among  other  matters,  he  investigated  the  supposed  rise 
of  the  East  Coast  of  Scotland  since  Koman  times,  and  showed,  by 
means  of  the  discovery  of  a  prehistoric  habitation  near  Seacliff, 
North  Berwick,  Haddingtonshire,  on  a  rock  only  23  feet  above  high- 
water  mark,  that,  had  the  land  been  lowered,  this  habitation,  with 
all  its  remains,  must  have  been  entirely  swept  away.  See  note  in 
the  Geol.  Mao.  Vol.  VU.  1870,  pp.  270,  271.» 

^  For  thifl  work  Mr.  Laidlay  succeeded  in  obtaining  a  grant  in  aid  from  the 
Goyemnent. 

'  For  a  fuller  account  of  this  interesting  discovery  see  the  Trans,  of  the  Scottish 
Archeological  Society,  1870-71. 
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Mr.  Laidlay  presented  a  collection  of  shells  to  the  British  Museum, 
and  was  also  a  donor  of  coins  and  other  objects  of  archaeological 
interest  to  the  Nation.  He  died  March  8th,  1885,  and  leaves  a  family 
of  five  sons  and  two  daughters. 

PROFESSOR    RUDOLF  WILHELM    DUNKER. 

We  regret  to  record  the  loss  of  this  veteran  German  geologist,  who 
died,  after  a  brief  illness,  on  March  13th,  1885,  at  Marburg,  Hesse 
Cassel. 

Wilhelm  Dunker  was  bom  at  Eschwege,  on  2l8t  February,  1809, 
and  after  the  usual  studies  at  the  Gymnasia  of  Cassel  and  Rinteln,  he 
entered  upon  a  course  of  practical  mining  at  Oberkirchen,  eta  His 
first  scientific  work  was  the  investigation  of  the  Wealden  formation, 
a  task  not  before  attempted  in  North  Germany.  Having  passed  his 
examination  in  practical  mining,  he  entered  the  University  of  Got- 
tingen  in  1830,  where  he  studied  under  Blumenbach  and  other 
famous  professors. 

Having  completed  his  education,  he  returned  to  Oberkirchen  in 
1887,  and  resumed  his  researches  in  the  Wealden,  etc.  (see  vol.  i. 
Studien  Gottingischen  Vereins  S.  291  flF.).  In  1838  he  graduated  in 
Jena.  In  1839  he  accepted  the  lectureship  of  Mineralogy  and 
Geology  in  the  Polytechnic  School  of  Cassel.  In  April,  1840,  Prof. 
Dunker  was  married  to  his  cousin,  Elise  Sommer.  At  Cassel 
he  prepared  his  Wealden  Memoir  for  publication  (drawing  the 
plates  with  his  own  hands),  and  being  assisted  by  Hermann  von 
Meyer,  who  described  the  Reptilian  remains.  Whilst  engaged  on  this 
work  he  conceived  the  idea  of  issuing  a  palceontological  journal, 
which  he  soon  after  commenced  with  H.  von  Meyer  (known  as  the 
Palaontographica),  l^eodor  Fischer  of  Cassel  having  undertaken  its 
publication.  This  work  has  now  been  in  constant  issue  for  35  years, 
and  contains  a  vast  number  of  valuable  memoirs. 

In  1854  Dunker  was  chosen  Professor  and  Director  of  the  Mineralo- 
gical  Institute  in  Marburg,  and  in  1880  he  was  elected  to  the  Chair 
of  Mineralogy  in  that  University,  where  he  resided  until  his  death. 
He  was  the  author  of  about  70  memoirs,  chiefly  upon  the  Mollusca, 
of  which  also  he  possessed  a  fine  collection.  He  died  at  the  age  nf 
seventy-six  years,  universally  regretted  by  all  his  friends  and  fellow- 
professors. 

Db.  Feanz  Bitter  von  Haueb,  Director  of  the  Geological  Survey 
of  Austria,  with  which  he  has  been  connected  since  its  earliest 
institution,  has  been  appointed  by  the  Emperor  of  Austria  to  the 
post  of  Intendant  of  the  Imperial  Natural  History  Museum  of 
Vienna,  lately  vacant  by  the  death  of  Dr.  Ferdinand  von  Hochstetter. 
The  colleagues  of  Dr.  von  Hauer  presented  him  with  a  sympathetic 
address  of  regret  at  his  quitting  the  Survey  and  of  congratulation  on 
his  appointment,  and  they  have  resolved  to  have  a  portrait  of  him 
painted  by  a  distinguished  artist,  which  is  to  be  placed  in  the  Museum 
of  the  Survey  at  Vienna. 
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I. — Notes  on  Some  Mesozoio  Plant-Bbhains  fbom  South 

Australia. 

By  Henbt  Woodwakd,  LL.D.,  F.R.S.,  F.G.S.,  etc. 

(PLATE  VII.) 

THOSE  who  have  attempted  a  geological  exploration  of  a  new 
country  can  heat  appreciate  the  difficulties  which  must  be  over- 
come by  the  geologist,  and  the  value  of  every  scrap  of  fossil  evidence 
met  with,  however  fragmentary,  which  may  serve  as  an  indioation 
of  the  probable  horizon  of  the  strata  around  him. 

Such  evidence  comes  to  the  geologist  in  the  field,  like  the  drift- 
-wood  to  Columbus  in  the  Atlantic,  as  an  earnest  of  land-ahead,  in 
the  midst  of  an  ocean  of  doubt  and  difficulty. 

Mr.  Henry  Y.  Lyell  Brown,  F.G.S.,  the  Gk)vernment-Geologist 
for  South  Australia,  to  whose  reports  we  have  already  directed 
attention  in  these  pages,^  has,  with  his  small  Staff,  a  vast  and  most 
arduous  task  to  perform  in  mapping  geologically,  even  in  the  most 
superficial  manner,  this  great  country  whose  Southern  area  contains 
upwards  of  380,000  square  miles,  whilst  the  Northern  territory, 
annexed  in  1861,  gave  no  less  than  523,620  square  miles  additional  I 
stretching  from  sea  to  sea,  and  only  touched  upon  heretofore  by  a 
geological  reconnaissance  of  the  Palseozoic  area  near  Adelaide  in 
1859,'  and  by  a  second  Report  on  the  same  in  1862.' 

As  always  happens  in  all  such  undertakings  the  Government 
Geologist  is  expected  to  be  a  second  **  Moses  in  the  Wilderness," 
and,  like  the  great  lawgiver,  it  is  assumed  he  needs  only  to  touch 
the  stony  rock,  and  the  waters  will  gush  forth  I  It  is  to  be  regretted 
that  the  "  Divining-rod  "  is  no  longer  potent  for  such  objects  as 
mines  and  springs,  for  in  a  new  country,  where  both  are  so  greatly 
in  demand,  the  geologist,  who  should  possess  this  powerful  instru- 
ment, might  fairly  expect,  if  he  proved  successful,  to  be  canonized  as 
a  saint  by  his  fellow-colonists,  or,  if  he  failed,  to  be  lynched  for  an 
impostor!  Tn  so  vast  an  area  as  we  have  indicated,  every  farmer, 
land-surveyor,  explorer,  and  prospector,  should  be  laid  under  con- 
tribution to  bring  information  to  the  Government-Geologist  as  to 

>  See  Reyiew  of  Report  by  Goyemment  Geologist,  Gbol.  Mao.  1884,  p.  29. 
See  also  Notes  on  Mollosca  from  S.  Australia,  op.  cit.  p.  339,  PI.  XI.,  and  on 
Trilobites,  p  342.  Also  Annual  Report  to  31  Dec.  1883,  by  H.  T.  L.  Brown,  op. 
cit.  1886,  pp.  41-43. 

'  See  A.  R.  C.  Selwyn*s  Report  on  Palseozoic  area,  Parliamentary  Papers  for 
S.  Australia,  1859,  No.  20. 

3  See  £.  H.  Hargrave^s  Report  on  same  area.  Parliamentary  Papers,  No.  96, 1864. 
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the  nature  of  the  distriots  visited.  Sometimes  an  intelligent  Squatter 
or  Miner  is  thus  enabled  to  render  most  valuable  service  to  the 
Colonial  Geologist 

Having  lately  received  from  Mr.  H.  Y.  Lyell  Brown  some 
specimens  brought  in  by  explorers,  from  Mount  Babbage,  Mount 
Adams,  from  Cutaway  Hill,  and  from  Mount  Glammon,  Aroona,  and 
other  localities  in  South  Australia,  I  propose  to  give  a  short  account 
of  some  of  them  here. 

Fossils  from  Mount  Bahhage. — According  to  Hargrave's  Map  of 
South  Australia,  published  in  1864,  Mount  Babbage  appears  to  be 
situate  at  the  head  of  Hamilton  Creek,  which  runs  into  the  northern 
portion  of  Lake  Frome,  and  is  a  considerable  distance  to  the  south- 
east of  Blanche  Water ;  being  30°  S.  lat  and  140°  E.  long. 

The  fossils  from  this  locality  consist  of  plant-remains  almost 
entirely  converted  into  a  pure  quartzite,  only  superficially  stained 
with  iron  and  having  slight  traces  of  carbonaceous  matter  remaining. 

1. — ^The  most  interesting  of  these  is  the  fragment  of  a  small  stem 
(Plate  VII.  Figs.  1,  2),  the  internal  structure  of  which  has  dis- 
appeared and  the  cavity  has  been  occupied  by  quartzite.  On  the 
exterior  a  thin  carbonaceous  crust,  most  of  which  is  now  removed, 
renders  more  prominent  a  fine  net- work  of  extremely  minute  com- 
pressed elliptical  or  lozenge-shaped  scars,  indicating  the  bases  of  the 
petioles;  6  of  these  scars  measure  only  20  millimetres  in  breadth,  and 
9  scars  occupy  the  same  space  in  height.  The  diameter  of  the  stem 
is  5  centimetres. 

The  fragment  is,  I  have  no  doubt,  a  portion  of  the  stem  of  a 
plant  which  has  been  closely  covered  with  leaves,  such  as  we  find  in 
some  Monocotyledonous  plants  like  the  "  Black-Boys  "  and  "  Grass- 
trees  "  (XanthorrhiBa  and  Kingia)  of  Australia,  or  perhaps  still  more 
like  those  Cycade89  whose  stems  are  covered  with  the  permanent 
bases  of  the  leaves.  I  have  compared  this  specimen  with  the  figures 
of  Maniellia  inclusa,  Carr.,  given  by  Mr.  Carruthers  in  his  Memoir  on 
"Fossil  Cycadean  Stems  from  the  Secondary  Bocks  of  Britain" 
(Trans.  Linn.  Soc.  Lond.  vol.  xxvi.  1868,  p.  703,  tab.  Ixiii.  figs.  2 
3),  and  have  reproduced  his  fig.  3  on  our  Plate  (PI.  VII.  Fig.  4)  for 
reference. 

Of  course  but  little  can  be  said  in  the  way  of  detailed  description 
of  so  fragmentary  a  fossil  remain ;  nevertheless  from  the  comparison 
I  have  made,  I  am  inclined  to  consider  this  fossil  to  belong  to  the 
Cycadea  and  perhaps  to  the  genus  ManteUia,  If  it  be  desirable,  for 
convenience  of  reference,  to  give  it  a  specific  name,  I  would  suggest 
M.  Bahbagensis  as  its  trivial  name,  after  the  locality  from  whence  it 
was  derived. 

This  represents,  so  far  as  I  am  aware,  the  smallest  Cycadean-like 
stem  hitherto  recorded  from  any  locality. 

2.— The  next  specimen  to  which  I  wish  to  call  attention  is  from  the 
fiiame  locality*  as  the  last,  and  is  preserved  in  an  exactly  similar 
matrix  of  quartzite.     (See  Plate  VII.  Fig.  6.) 

1  Some  of  the  spedmens  are  labelled  **Mt.  Adams/'  Is  Mt.  Adams  synonymout 
with  Mt.  Babbage  P    This  is  a  point  which  should  be  cleared  up. 
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I  Gonoluded,  at  first  sight,  that  I  had  before  me  a  badly-preserved 
specimen  of  Clathraria  or  Bucklandtaf  agreeing  olosely  in  aspect  and 
mineral  condition  with  Mantell*8  specimens  of  this  Oycad  &om  the 
Wealden  of  Tilgate  Forest 

In  this  interpretation,  I  regret  to  say,  I  have  not  the  support  of 
my  colleague,  Mr.  William  Carruthers,  F.R.S.,  of  the  Botanical 
Department,  whose  Memoir  on  the  Fossil  Cycadead  I  have  already 
quoted.  Mr.  Carruthers  is  of  opinion  that  the  fragment  of  silicified 
wood  does  not  represent  a  part  of  the  surface  of  a  Cycadean  stem 
covered  with  more  or  less  rhomboidal  scars  arranged  in  close 
proximity  to  each  other  and  in  a  quincnncial  matter,  but  that  we 
are  looking  at  a  piece  of  fossil  wood  which  has  been  largely  occupied 
by  Teredinoe,  and  that  the  appearance  of  rhomboidal  leaf-scars  (see 
Plate  VII.  Figs.  6,  and  7a,  6,  e)  is  really  caused  by  a  more  or  less 
compacted  mass  of  the  tubes  of  Teredo,  the  extremities  of  which 
have  left  the  rounded  protuberances  observed  in  the  fossil.  There 
is  certainly  an  absence  of  any  clear  quincuncial  arrangement  of  the 
leaf-scars  (a  character  clearly  observable  in  Fig.  1  of  our  Plate),  and 
this  is  a  point  upon  which  Mr.  Carruthers  very  strongly  insists. 
There  is  of  course  an  alternative  course  open,  namely,  to  suggest 
that  it  is  a  Cycadean  stem  bored  into  by  Teredoes ;  but  if  we  admit 
the  Ter ecio-theory,  there  is  no  evidence  as  to  the  nature  of  the  wood 
itself  into  which  they  had  bored,  that  being  (save  for  the  carbona- 
ceous crust)  replaced  by  quartzite. 

In  a  case  of  this  kind  it  seems  highly  desirable  to  call  attention  to 
these  remains,  although  so  very  fragmentary,  in  order  that  further 
search  may  be  made,  and  other  and  better-preserved  specimens 
obtained. 

There  is  another  specimen  in  exactly  similar  lithological  condition 
to  those  from  Mt.  Babbage,  marked  Mt.  Adams,  but  it  does  not 
throw  any  additional  light  upon  the  exact  botanical  nature  of  these 
fossils. 

3. — A  block  of  quartzite  or  sandstone,  covered  upon  one  side  with 
impressions  of  strap-like  leaves  and  slender  stalks  of  some  vegetable, 
and  an  obscure  hollow  impression  which  may  possibly  have  con- 
tained a  fruit,  suggest  the  abundant  presence  of  plant  remains. 
These  are  marked  "Cutaway  Hills,  Leigh's  Creek."  Similar  casts 
of  plant-fragments  occur  in  the  same  locality  in  a  white  compact 
fine-grained  siliceous  matrix,  which  seems  largely  made  up  of  im- 
pressions of  plants,  although  the  carbonaceous  matter  has  been 
removed.     Neither  affords  sufficient  evidence  for  exact  determination. 

Leigh's  Creek  is  marked  upon  Mr.  Hy.  Y.  L.  Brown's  Map  of 
South  Australia  as  a  Southern  branch  of  the  Froome  Kiver,  running 
out  of  one  of  the  arms  of  Lake  Eyre  (138^  East  Long.,  and  about 
30°  S.  Lat.) ;  but  Cutaway  Hills  are  not  marked  on  the  map. 

4. — Another  specimen,  labelled  **  Mount  Adams," '  consists  of  a  very 
similar  quartzite  to  the  preceding,  but  less  saccharoid,  on  one  surface 
of  which  is  seen  the  impression  of  a  palmate  leaf,  half  of  which  only 

1  Is  Mount  Adams  the  same  place  as  Mount  Babbage  ? 
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18  preserved,  out  down  to  near  the  base  (see  woodout),  the  segments 
spreading  on  either  side  of  the  central  one,  and  being  three  in  num- 
ber on  the  side  preserved.  The  digitations  are  linear,  with  a  thick 
mid -rib  passing  up  the  centre  of  each  segment. 

The  cuneate  base  runs  down 
into  a  slender  petiole.  By  its 
side  are  the  fragments  of  two 
leaves  or  leaflets,  which  agree 
in  having  a  strong  central  rib 
and  have  a  close  resemblance 
to  fragments  of  the  leaflets  of 
the  living  genus  Cycas,  but  if 
they  are  connected  with  the 
palmate  leaf,  we  must  look 
for  other  affinities,  for  that 
leaf  would  not  fit  into  any  form 
of  leaf  known  among  the 
Cyeadea. 

The  form  of  the  palmate 
leaf  at  once  suggests  the  leaf 
of  a  Saltahuriaf  but  the  single 

median  rib  in  each  segment,  Leaf  from  Mount  Adams, 

though  found  in  many  Coni- 

ferat  as  for  instance  in  Podocarpus^  is  very  different  from  the 
numerous  slender  dichotomous  veins  found  in  Salisburia,  and  in  the 
fossil  forms  which  have  been  referred  to  this  genus. 

We  do  not  venture  to  suggest,  on  the  materials  before  us,  any 
definite  position  for  this  fossil.* 

Mount  Babbage'  and  Leigh's  Creek  are  about  130  miles  apart; 
both  localities  are  mapped  as  Mesozoic  by  Mr.  Brown.  Probably 
the  specimens  here  noticed  may  be  of  Lower  Cretaceous  age ; '  but 
more  evidence  is  wanting  before  a  decided  judgment  can  be  pro- 
nounced upon  them  as  to  their  geological  age,  and  more  specimens 
are  needed  to  determine  their  affinities. 

EXPLANATION  OF  PLATE  VII. 

Fig.  1.  Portion  of  cast  of  stem  of  ManUllia?  Bahbagemia^  H.  Woodw.  (nat. 

size),  from  Moimt  Babbage,  South  Australia. 
,,    2.  The  same,  end  view. 

,,    3.  Some  bracts  of  Cycad  enlarged. 

,,    4.  Mantellia  ineltua  (half  nat.  size),  Camithers.    Trans.  Linn.   Soc. 

vol.  xxvi.  tab.  63,  fig.  3,  p.  703.     Original  from  Potton  Sands, 

Cambridgeshire.     (York  Museum.) 
„    5.  Bracts  of  Mantellia  intermedia  (half  nat.  size). 

1  Twenty-two  specimens  sent  in  from  Gammon  range  are  inorganic  concretions. 
Some  have  been  cut  open  with  the  circular  saw,  but  they  yield  no  information  to 
repay  the  investigator.     The  matrix  looks  like  a  Paleeozoic  rock. 

^  Xnd  P  Mount  Adams. 

3  The  late  Mr.  Charles  Moore,  F.G.S.,  in  his  paper  on  Australian  Mesozoic 
Geology  and  Palseontology  (Quart.  Joum.  Geol.  Soc.  1870,  vol.  xxvi,  pp.  226-261, 
pi.  x.-xviii.),  speaks  of  Cretaceous  beds,  but  his  paper  does  not  aid  our  present  inquiry. 
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Fio.  6.  8appoBed  Cycadean  (?)  stem,  Mt.  Babbage  (or  Mt.  Adams  P).    Cast  ol 

portion  of  fossil  wood  (replaced  by  quartiite)  bored  by  Teredo 
(Carmthers,)  (nat.  size). 
„     7t  a,  b,  Sapposed  ends  of  permanent  bases  of  leayes  from  stem  (Fig.  6^,  con- 
sidered by  Mr.  Carmthers  to  be  casts  of  ends  of  Teredo-ixxhes, 
99     7e,         Profile  of  some  of  the  supposed  bases  of  leaves  detached  from  stem, 
like  Fig.  6. 
8.  Part  of  stem  of  BuckUmdia  MilUriana,  Carr.  {op.  eii.  tab.  It.  fig.  1, 

.  687),  ori^al  from  the  Coral  Bag  of  Brora,  Sutherlandshire 
^"  nat.  siae). 


p.  687 
(half 


II. — TiiE  Classifioation  or  Stratified  Books. 
By  A.  J.  Juxbs-Bbownb,  B.A.,  F.G.S. 

MANY  attempts  to  revive  and  improve  the  olassification  of  onr 
rock-groups  have  been  made  from  time  to  time,  and  the  Inter- 
national Geological  Congress  will  doubtless  make  a  further  effort  in 
the  same  direction. 

Systematists  seem  now  generally  to  agree  in  allowing  four  ranks 
to  the  divisions  of  the  geological  series : — 

1.  Such  divisions  as  Paleeozoic  and  Neozoic,  or  Primary,  Secondary, 

and  Tertiary. 

2.  The  subordinate  divisions  which  are  generally  termed  systems, 

such  as  Silurian,  Cretaceous,  etc. 

3.  The  subdivision  of  these  systems  into  series  usually  called  Upper, 

Middle  and  Lower,  but  sometimes  by  special  names. 

4.  The  smaller  local  groups  or  stages  into  which  the  subdivisions 

naturally  fall,  such  as  Oxford  Clay,  Millstone  Grit,  etc. 

But  when  they  come  to  rank  the  recognized  groups  under  these 
heads,  and  to  decide  upon  the  number  of  systems  which  should  be 
admitted  into  the  geological  scale,  then  there  is  much  difference  of 
opinion. 

The  latest  attempt  to  improve  our  classification  is  by  Dr.  Blanford, 
in  the  Gkolooioal  Maqazine  for  1884,  p.  318,  and  with  his  pre- 
liminary remarks  I  think  all  geologists  must  cordially  agree.  He 
points  out  that  if  our  classification  is  to  have  anything  like  universal 
application,  the  first  essential  condition  is  that  the  major  divisions 
should  be  of  nearly  equal  value ;  that  if  systems  are  determined  by  the 
thickness  of  strata  or  by  the  physical  breaks  which  occur  in  any  one 
country,  they  cannot  be  of  equal  value :  consequently  the  logical 
conclusion  is  that  systems  must  be  established  on  a  paleeontological 
basis,  and  on  the  evidence  of  change  in  the  marine  faunas. 

To  concede  that  unconformities  are  geological  accidents  and  of 
little  use  in  classification  is  a  step  in  the  right  direction.^  If  they 
were  always  taken  as  the  limits  of  systems,  several  different  classi- 
fications would  be  required  for  the  British  strata  alone.  A  single 
instance  will  suffice  to  prove  this : — In  Scotland,  and  probably  in 
Wales  also,  there  is  an  upward  passage  from  Silurian  into  Lower 
Old  Red  Sandstone,  then  an  unconformity  and  a  passage  from  Upper 
O.R.S.  into  Carboniferous ;  here  therefore  there  are  only  two  systems 
if  the  break  is  to  be  the  limit ;  but  let  us  pass  into  Devonshire,  and 
»  Vide  Lapworth,  Gbol.  Mao.  Deo.  II.  Vol.  VI.  p.  10. 
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we  find  no  break,  but  a  oontinuouB  Beriee  divisible  into  tbree  groups 
with  distinct  faunas,  and  each  entitled  to  rank  as  a  system. 

As  in  this  instance,  so  in  others,  the  breaks  in  the  succession  of 
one  district  are  certain  to  be  filled  np  elsewhere  by  transitional  beds, 
and  as  these  may  contain  a  fauna  of  high  systematic  value,  we  must 
always  be  prepared  for  the  possible  intercalation  of  another  system 
between  any  two  groups  that  are  divided  by  a  decided  unconformity. 

Systems  must  therefore  be  founded  on  the  evidence  of  fossils  in 
some  area  where  a  continuous  succession  of  marine  deposits  is  foimd ; 
a  system  may  perhaps  be  defined  as  a  series  of  strata  deposited 
during  the  continuance  of  a  certain  set  of  generic  forms  in  any  given 
part  of  the  world.  Such  a  definition  will  probably  be  found  suffi- 
ciently elastic,  and  yet  definite  enough  to  secure  an  approximate 
equality  of  value  for  the  several  systems.  The  proportion  of  special 
characteristic  genera  must  be  variable,  but  probably  it  is  about  one- 
third  of  the  total  number  of  genera  in  the  faunas  of  the  Palseozoic 
and  Mesozoic  systems.. 

It  must  be  conceded  at  once  that  systems  founded  on  the  differ- 
ences in  successive  faunas  will  not  include  anything  like  equal 
thicknesses  of  rock.  If,  as  appears  most  probable,  the  diff<Srentia- 
tion  of  species  and  the  development  of  higher  forms  has  progressed 
in  a  constantly  increasing  ratio,  it  is  clear  that  the  time-value  of 
systems  based  on  such  systems  will  become  less  and  less  as  we 
approach  modern  times.  It  is  certainly  a  fact  that  the  same  forms 
of  life  extend  through  a  much  greater  thickness  of  rock  in  the  earlier 
than  in  later  geological  times,  and  they  also  appear  to  have  had 
a  wider  geographical  distribution.  There  is  no  reason  for  supposing 
that  the  production  of  rocks  went  on  more  rapidly  (at  any  rate  during 
later  Palaeozoic  periods)  than  at  the  present  time ;  limestones  must 
always  have  been  of  slow  and  gradual  growth,  and  yet  the  persist- 
ence of  species  through  the  Carboniferous  Limestone  Series  is  truly 
remarkable,  while  the  limestones  of  the  Jurassic  and  Cretaceous 
systems  (though  much  less  thick)  are  divisible  into  numerous  zones, 
each  characterized  by  species  which  do  not  occur  in  the  next*  The 
changes  in  the  forms  of  life  inhabiting  any  marine  area  being  thus 
more  rapid  in  later  geological  times,  an  equal  amount  of  change 
would  naturally  be  accomplished  in  less  time,  and  consequently  if 
systems  are  to  be  measured  by  palseontological  differences,  the  newer 
systems  must  include  less  thickness  of  rock. 

But  even  when  allowance  is  made  for  this,  it  is  quite  impossible 
to  regard  the  divisions  of  .Tertiary  time  introduced  by  Sir  Charles 
Lyell  as  being  of  the  same  relative  importance  as  the  systems  of 
older  date  with  which  they  are  usually  ranked.  This  feeling  has 
been  expressed  by  Dr.  Blauford,  who  notices  the  proposal  of  certain 
Swiss  and  German  geologists  to  make  two  Tertiary  systems, — an 
Eocene  (comprising  the  Oligocene)  and  a  Neogene  (comprising  the 
later  groups).  Dr.  Blanford,  however,  thinks  that  there  is  "  so  little 
probability  of  this  classification  being  adopted,  that  the  only  practic- 
able suggestion  appears  to  be  to  unite  the  Oligocene  with  the 
Miocene,  and  to  include  the  Pleistocene,  which  has  no  claim  to  recog- 
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nitlon  as  a  separate  system,  in  the  Pliooene."  He  thus  constructs 
three  systems  under  the  names  of  Eocene,  Miocene,  and  Pliocene. 

I  doubt,  however,  whether  this  suggestion  is  altogether  commend- 
able. The  fact  is  that  if  marine  invertebrata  are  taken  as  the 
standard  of  measurement,  there  is  only  one  Tertiary  system,  and  in 
that  we  are  still  living,  for  very  few  invertebrate  genera  have 
become  extinct  since  Eocene  times.  But  if  the  vertebrates,  both 
marine  and  terrestrial,  are  taken  into  consideration,  they  afford 
grounds  for  making  more  than  one  system,  though  I  doubt  whether 
the  facts  would  sanction  three  as  Dr.  Blanford  proposes. 

I  agree  with  those  who  would  limit  the  number  to  two,  though  the 
nomenclature  proposed  on  the  Continent  is  not  likely  to  be  adopted. 
It  appears  to  me  that  the  existent  names  may  be  conveniently 
retained  without  alteration  or  abstraction  to  represent  the  major 
groups  or  series  of  the  Tertiary  systems,  and  that  we  have  only  to 
find  suitable  names  for  the  two  systems  into  which  they  naturally 
fall.  British  geologists  would  naturally  prefer  names  taken  from 
their  own  country,  and  in  this  case  it  does  not  seem  difficult  to  pro- 
vide such  names.  Hampshire  and  the  Isle  of  Wight  affording  the 
most  complete  section  of  the  Eocene  and  Oligocene,  Hantontan 
becomes  an  appropriate  name  for  the  system  they  would  constitute. 
In  Britain  the  Faltmian  Miocene  is  absent,  and  we  have  only  repre- 
sentatives of  the  Pliocene  and  Pleistocene;  but  the  three  may  be 
merged  into  a  second  system  for  which  the  name  Icenian  may  be 
revived,^  a  name  derived  from  the  British  tribe  of  Iceni  who  inhabited 
the  eastern  districts  where  the  typical  deposits  of  these  groups  are 
found.  For  this  plan  I  claim  the  merit  of  its  not  disarranging  the 
existing  nomenclature,  while  it  will  prevent  students  from  acquiring 
an  exaggerated  idea  of  the  geological  importance  of  the  Lyellian 
groups. 

The  accompanying  table  will  show  what  systems  appear  to  me  to 
be  of  nearly  equivalent  value  on  the  principles  above  indicated,  and 
I  may  state  that  it  has  been  drawn  up  for  the  purposes  of  a  volume 
on  Historical  Geology  now  in  course  of  preparation.  I  wish,  how- 
ever, to  ascertain  whether  the  proposals  it  contains  are  likely  to 
meet  with  general  approval,  and  shall  therefore  welcome  criticism 
from  the  r^ers  of  the  Gboloqigal  Magazine.  Those  who  teach 
our  Science  or  prepare  manuals  for  teaching  purposes  necessarily 
feel  the  importance  of  having  a  consistent  and  well-proportioned 
tabular  view  of  the  succession  of  strata,  and  yet  they  hesitate  to 
Import  new  views  and  terms  into  their  lectures  and  treatises  because 
they  are  expected  to  give  only  the  accepted  results  of  geological 
study. 

A  few  remarks  on  this  Table  are  necessary.  In  the  first  place,  I 
bave  avoided  indicating  the  limits  of  the  largest  divisions  or  eras  of 
geological  time,  since  there  is  so  much  difference  of  opinion  as  to  the 
precise  boundary-line  between  the  Palaeozoic  and  Mesozoic  eras.  I 
must  strongly  protest  against  the  tripartite  division  of  everything 

>  This  name  wag  proposed  by  Dr.  S.  P.  Woodward  as  a  synonym  for  Pliocene  in 
his  Manual  of  the  Mollusca,  18dl. 
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which  Dr.  Blanford  reoommends,  and  espeoially  against  the  artificial 
plan  of  allowing  only  three  sjBtems  to  each  great  era  of  time.  Snch 
a  plan  is  certain  to  give  rise  to  erroneous  impressions,  and  strikes 
me  as  an  application  of  mathematics  to  geology  which  is  not 
likely  to  yield  useful  results.  What  would  Historians  think  of  an 
attempt  to  divide  English  History  into  three  unequal  eras,  each  sub- 
divided into  three  unequal  periods,  with  every  reign  or  chapter 
treated  in  three  parts  ?  Is  there  such  magic  in  the  number  three  that 
a  tripartite  division  of  the  geological  record  is  calculated  to  a£ford  us 
a  clearer  conception  of  its  contents  ?  Even  the  three  cardinal  divi- 
sions are  hardly  defensible  on  palaeontological  grounds,  though  they 
are  convenient  for  some  purposes.  A  primary  division  into  PalsBozoio 
and  Neozoic,  with  five  or  six  systems  in  each,  would  be  far  more 
scientific. 

I  adopt  Prof.  Lapworth's  name  Ordovictan  for  the  system  of  the 
second  fauna,  as  the  only  practicable  way  out  of  the  Sedgwick  and 
Murchison  controversy,  and  certainly  regard  the  Cambrian,  Ordo- 
vician,  and  Silurian  as  systems  equivalent  in  palsdontological  value 
to  Devonian  and  Carboniferous.  I  think,  however,  tlie  nomenclature 
of  the  Ordovician  series  stands  in  need  of  improvement;  Lower, 
Middle,  and  Upper  would,  perhaps,  be  better  than  retaining  the  old 
names  of  Arenig,  Llandeilo,  and  Bala  for  the  primary  divisions. 

In  the  case  of  the  Silurian  system  a  difiei*ent  nomenclature  must 
be  adopted  because  of  the  confusion  which  would  arise  from  the 
use  of  'Lower'  Silurian.  Prof.  Lapworth's  name  of  Valentian  may 
be  adopted  for  the  Llandoveries,  Salopian  may  do  for  the  Middle 
series,  but  Dotontontan,  which  has  been  used  for  the  Upper  series,  is 
so  eminently  unclassical  that  it  will  hardly  pass  muster.  A  new 
name  seems,  therefore,  to  be  required,  and  I  venture  to  propose 
Clunian  from  Clun  Forest,  in  Shropshire,  where  these  uppermost 
Silurians  and  the  Tilestones  are  largely  developed  (see  Sheet  30 
of  the  Horizontal  Sections  of  the  Geological  Survey,  and  Jukes' 
Manual  of  Geology.  2nd  ed.  p.  481).  For  the  Devonian  system  the 
marine  series  must  clearly  be  adopted  as  the  type,  but  it  is  possible 
that  some  of  the  Upper  Devonian  and  Upper  O.R.S.  may  have  to 
be  transferred  to  the  Carboniferous  system. 

As  regards  the  Carboniferous  system,  I  find  there  are  weighty 
objections  to  Prof.  Hull's  proposals  to  create  a  Middle  series.  The 
Yoredales  are  so  essentially  a  part  of  the  Carboniferous  Limestone 
series,  that  they  ought  not  to  be  separated  from  it,  while  the  Millstone 
Grit  is  similarly  linked  to  the  Coal-measures. '  Moreover,  Prof.  Green 
has  shown  that  there  is  a  well-marked  line  at  the  base  of  the  Mill- 
stone Grit,  so  that  the  old  division  of  the  system  into  an  Upper  and 
Lower  appears  more  true  to  nature  than  a  triple  series  would  be. 

Whether  the  Dyas  (Permian)  is  entitled  to  rank  as  a  separate 
system  is  very  doubtful.  The  conditions  under  which  it  was  formed 
appear  to  have  enabled  a  portion  of  the  Carboniferous  fauna  to 
perpetuate  their  existence  in  the  European  area  while  Mesozoic  life 
was  being  rapidly  developed  elsewhere.  I  doubt,  therefore,  whether 
we  can  in  this  instance  take  Palaeontology  as  a  guide,  and  think  it 
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Upper. 

LOWBB. 

Uppbb. 

Middle. 

Lower. 

Ebupbr. 
muboublkalk. 

BUNTBR. 
1>YA8. 

Uppbb. 

Lower. 

Upper. 

Middlb. 
Lower. 

Cluniak. 
Salopian. 
Valbntian. 

Bala  Rocks. 

LLAin)BiLO  Flags 
Arbnio  Grits. 

Upper. 


Groxtps  or  Stages. 


!  Recent  deposits.    Raised  beaches  and 
Yalley  gravels.    Glacial  deposits. 
i  Forest  BmI,  Norwich  Crag,  Red  Crag, 
(     and  White  Crag. 
None  in  Britain. 

{Upper  (wanting  in  Britain). 
Hempstead  and  Bembridge  Beds. 
Lower  Headon  Beds. 
(  Bafshot  and  Barton  beds.     London 
(     Clay.    Lower  London  Tertiaries. 

(  Chalk    {M?5dle. 

j  I  Lower. 

\  Upper  Greensand  and  Ganlt. 

(  Vectian  or  Lower  Greensand. 

(  Wealden  and  Neocomian. 

(  Purbeck  and  Portland  beds. 

<  Eimmeridge  Clay. 

(  Corallian  and  Orford  Clay. 

j  Great  Oolite  series. 

(  Inferior  Oolite  series. 

i  Upper  Lias.    Marlstone  and  Sands. 

\     LAiwer  Lias  and  Rhstic  ? 

Marls,  Sandstones,  and  Conglomerate. 

Absent  in  Britain. 
(U.   Sandstone.      Pebble   Beds.      L. 
\     Sandstone. 

(  Magnesian    Limestone  and  St.  Bees 
I      Sandstone. 
(  Marl  Slates  and  Penrith  Sandstone. 

1  Coal-measures  |  Middle, 
j  ( Lower. 

\  Millstone  Grit. 

I  Carboniferous  Limestone    Series   or 
Bemician. 
Tuedian  and  Upper  0  R.S. 
( Barnstaple,  Marwood   and    Pickwell 
(      Down  Beds. 
Mortehoe  Slates  and  Ilfracombe  Beds. 
Hangman  Grits  and  Lynton  Beds. 
(  Tilestones  and  Downton  Sandstone. 
I  U.  Ludlow  and  Aymestry  Limestone. 
j  Lower  Ludlow.     Wenlock  Limestone, 
(     shale,  and  Woolhope  Limestone. 
{  Tarannon  Shales.     May  Hill  Sand- 
I      stone.    Lower  Llandovery. 

SHimant  Beds.    Ashgill  Shales,  Bala 
and  Coniston  Limestones,  Slates  and 
Sandstones. 
I  Flags  with  0.  BuehiL     Shales  with 
(      As.  tyrannu*,     Llanvim  series. 
Upper  and  Lower  grits. 
Tremadoo  slates. 


(Dolgelly  group. 


Lingula  flags       I  Ffestiniog  group. 
(  Maentwrog  group, 
j  Menevian  (Upper  and  Lower) . 
\  Harlech  group  (Upper  and  Lower). 
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best  for  the  present  to  olass  the  Dyas,  neither  under  PalaBozoic  nor 
Neozoic,  but  as  a  period  of  transition  between  these  two  great  eras 
in  the  development  of  life. 

I  have  kept  the  old  divisions  of  the  Trias,  though  I  admit  the 
desirability  of  eventually  abandoning  them,  and  of  adopting  the 
marine  sequence  of  the  Alps  as  a  type.  By  that  time,  perhaps, 
a  better  name  for  the  system  may  be  found,  and  the  Rhffitic  may 
then  be  included  in  it  In  Britain  the  Penarth  Beds  link  them- 
selves rather  to  the  Lias  than  to  the  Trias,  but  this  may  be  because 
our  Trias  is  not  marine. 

In  the  Cretaceous  system  I  have  degraded  Neocomtan  to  its  proper 
subsidiary  rank  as  a  stage  of  the  Lower  division.  The  use  of  the 
term  for  the  whole  of  this  lower  series  is  an  unwarrantable  and 
unnecessary  innovation,  which  can  only  result  in  confusion.  The 
true  Neocomian  of  Southern  France  seems  to  be  the  marine  repre- 
sentative of  our  Wealden,  and  no  part  of  it  corresponds  to  oar 
Lower  Greensand.  This  last  name  and  its  correlative,  Upper 
Green  sand,  are  certainly  doomed  to  abolition ;  the  Lower  Greensand 
can  be  studied  so  well  in  the  Isle  of  Wight,  where  the  labours  of 
Edward  Forbes  added  so  largely  to  our  knowledge  of  it,  that  no 
name  can  be  more  appropriate  than  Vedtian;  and  I  regard  the 
introduction  of  a  new  name  as  preferable  to  the  adoption  of  the 
French  names  Aptien  and  Urgonien,  The  Gault  and  Upper  Green- 
sand require  further  investigation,  so  I  leave  them  for  the  present 

My  reasons  for  admitting  only  two  systems  in  the  Tertiary,  and 
for  giving  new  names  to  these,  have  already  been  explained. 
Quaternary,  Post-Tertiary,  and  Post-Pliocene  I  regard  as  unnecessary 
and  unscientific  terms. 


III.— On  thb  Gsologioal  Histobt  of  thb  Cornish  Sbbpsmtinous 

Rocks. 

By  J.  fl.  Collins,  F.G.S. 

1. — The  LiZABD  Serpentines. 

THE  remarks  by  Professor  Bonney  on  Dr.  Sterry  Hunt's  recently 
published  "  Geological  History  of  Serpentines,"  which  appeared 
in  the  September  Number  of  the  Geological  Magazine,  open  up 
a  very  wide  question — a  question  which  broadly  divides  the  non- 
chemical  from  the  chemical  geologists  and  petrologists.  Dr.  Sterry 
Hunt  is  well  able  to  take  care  of  himself  in  this  discussion,  and 
certainly  I  have  no  present  desire  to  take  part  in  it  except  so  far  as 
it  relates  to  the  Cornish  areas,  some  of  which  are  therein  referred  to. 
These  I  have  especially  studied,  and  with  respect  to  them  1  feel 
bound  to  say  that  I  find  myself  able  entirely  to  agree  with  the 
conclusions  of  Dr.  Sterry  Hunt 

One  of  the  r^ons  in  question,  that  of  Porthalla,  has  also  been 
referred  to  by  Mr.  Alexander  Somervail,  in  a  letter  which  appeared  in 
the  Geological  Magazine,  1884,  Dea  III.  Vol.  I.  p.  479.  This  letter, 
however,  brings  forward  neither  new  facts  nor  new  arguments 
— it  merely  sets  my  conclusions   (see  my  paper  read  before  the 
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Geological  Society  of  London)  ^  aside  by  a  repetition  of  the  dogmatic 
assertion  that  the  serpentine  here  ''has  forced  itself  through  and 
among  the  schists/'  and  ''actually  infuses  itself  into  their  com- 
position at  and  near  their  junctions,  so  as  to  form  a  kind  of  transition 
between  the  two  rooks  of  opposite  origin,  which  Mr.  Collins  has 
Tery  evidently  mistaken  for  serpentine  in  a  less  altered  form,  thus 
seeming  to  favour  his  mistaken  conclusion  of  the  serpentine  being 
only  an  altered  slate." 

I  may  here  remark  that  the  expression  "the  seri)entine  being 
only  an  altered  slate  "  does  not  quite  accurately  convey  my  meaning, 
although,  of  course,  I  find  no  fault  with  Mr.  Somervail  for  using  it. 
What  I  believe  is,  not  that  "  the  slate  "  has  been  altered  into  ser- 
pentine, but  that,  of  an  originally  differing  series  of  conformable 
bedded  rocks,  some  beds  have  been  converted  into  that  peculiar 
Tariety  of  hornblende  schist  which  characterizes  the  locality,  others 
have  been  converted  into  true  serpentine,  and  others  again  into 
a  rock  of  intermediate  character.  In  fact  I  consider  that  we  have 
here  the  final  results  of  a  long  series  of  processes  of  "selective 
metamorphism,"  the  same  agents  acting  for  the  same  times  on  dis- 
similar masses,  and  so  giving  rise  to  dissimilar  products.  Moreover, 
as  there  were  originally  transition  beds  of  the  original  strata,  so  now 
there  are  transition  results  in  all  stages,  so  affording  complete  series 
of  passage  specimens,  not  "apparent"  merely,  but  veritable  and 
real.  In  all  these  cases  it  seems  to  me  likely  that  a  homblendio 
mineral  has  been  first  formed,  and  that  the  conversion  of  this  into 
serpentine  is  the  final  change. 

It  is,  moreover,  obvious  that  such  reactions  might  take  place, 
under  suitable  circumstances,  so  as  to  change  a  rock  mass  into 
serpentine  quite  irrespective  of  its  mode  of  origin,  whether  igneous 
or  aqueous,  and  one  has  not  to  go  outside  the  borders  of  Cornwall, 
perhaps  not  outside  the  borders  of  the  Lizard  district,  to  find  ex- 
amples of  both  classes  of  rocks  which  have  undergone  this  change. 

Speaking  of  the  serpentine  more  especially  of  Coverack,  Professgr 
Bonney  says,  in  his  recent  communication  (Osol.  Mag.  1884,  p.  409)  : 
"  If  there  be  in  Nature  any  indications  from  which  we  can  assert  the 
intrusive  character  of  any  igneous  rock  whatever,  we  have  these  indtca- 
tions  in  the  case  of  the  Lizard  serpentine  and  the  associated  sedimentary 
series,'* 

I  by  no  means  deny  that  this  description  is  fairly  enough  ap- 
plicable to  the  Coverack  serpentine,  and  I  do  not  dispute  that  this 
particular  serpentine  has  resulted  from  the  alteration  of  an  igneous 
intrusive  rock,  as  stated  by  the  Professor.  Still,  I  agree  with  Dr. 
Sterry  Hunt  in  thinking  that  such  appearances  (of  intrusion)  may 
very  often,  if  not  usually,  be  "explained  by  subsequent  movements  of 
the  strata  in  which  the  serpentines  are  included  "  (op.  cit,  conclusion). 

Moreover,  I  assert  that  the  serpentinous  beds  of  Porthalla,  MuUion, 
and  the  greater  part  of  the  Lizard  district  do  not  possess  the  un« 
mistakeable  indications  alluded  to,  but,  on  the  contrary,  they  have 
the  closest  possible  inter-relations  with  the  hornblende-schists  of  the 
same  localities,  both  stratigraphically  and  chemically. 

>  Quart.  Joum.  Geol.  Soc.  1884,  toL  zl.  pp.  458-471. 
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Prof.  BoDney  bas  expressed  the  opinion — and  I  understand  Mr. 
Somervail  to  endorse  this — that  the  existence  of  intrusive  serpentine 
in  other  parts  of  the  Lizard  District  would  be  prima  fade  ground 
for  believing  in  a  like  origin  for  that  of  Porthalla ;  and  this,  in  the 
absenoe  of  positive  evidence  to  the  contrary,  I  should  be  disposed  to 
admit.  The  main  object  of  my  paper  on  the  Porthalla  rocks  (which 
are  entirely  different  from  those  of  Coverack  and  Cadgwith)  was  to 
afford  such  positive  evidence ;  and,  speaking  as  a  chemist,  I  must 
reiterate  my  belief  that  it  is  impossible  for  any  one  to  explain  satis- 
factorily the  origin  of  the  specimens  I  exhibited  to  the  Geological 
Society  in  illustration  of  my  recent  paper,  and  especially  the 
specimens  marked  C  and  D,  without  admitting  that  serpentine  has 
been  formed  within  the  substance  of  the  homblendie  stratified  rock. 
Not  only  does  this  latter  entirely  enclose  portions  of  chemically  pure 
serpentine,  but  also  there  are  fragments  of  intermediate  composition 
of  every  degree  visible,  some  of  which  I  have  isolated  and  analysed. 
It  seems  to  me,  therefore,  we  must  either  admit  that  these  have 
been  formed  within  the  substance  of  the  schist,  or  that  they  existed 
as  serpentine  previous  to  its  formation,  and  now  represent  a  kind  of 
breccia.     I  have  no  doubt  that  the  first  hypothesis  is  the  true  one. 

Prof.  Bonney  and  others  have  appealed  to  the  evidence  of  the 
microscope  in  disproof  of  my  conclusions.  I  have  not,  however, 
arrived  at  these  conclusions  without  much  use  of  that  instrument, 
and  I  still  assert  that  the  evidence — fairly  interpreted— is  in  my 
favour.  The  massive  serpentine  of  Porthalla  does  not  present  that 
reticulated  structure  which  has  been  regarded  as  the  result  of  the 
alteration  of  olivine  rocks.  But  even  if  it  did,  this  would  be  no 
proof  of  its  igneous  origin,  inasmuch  as  the  essentially  Neptunian 
origin  of  many  olivines  has  been  quite  conclusively  shown  by  Dr. 
Sterry  Hunt  and  others. 

The  transformation  of  one  chemical  substance  into  another  by  the 
withdrawal  of  some  of  its  components  and  the  substitution  of  others 
is  a  process  which  is  continually  going  on  in  all  rocks  which  are  so 
situated  that  natural  waters  are  able  to  percolate  through  them.  It 
is  well  known  too  that  all  rocks  are — some  more,  some  less — per- 
meable to  water.  To  chemical  geologists  such  changes  are  matters 
of  every-day  observation ;  yet,  for  expressing  an  opinion  that  such 
a  transformation  has  taken  place,  in  the  case  of  the  Cornish  serpen- 
tines, my  views  have  been  characterized  as  something  like  the 
'transmutation"  of  the  old  alchemists  (see  discussion  on  my  paper.*) 

Such  changes  have  been  fully  described  and  traced  in  the  case  of 
serpentine  by  Dr.  Heddle,  Dr.  Sterry  Hunt,  and  many  other  writers 
of  repute.  Dr.  Sterry  Hunt  states  as  the  result  of  his  own  experi- 
ments that  **  whenever  the  comparatively  soluble  silicates  of  alkalies 
or  of  lime  are  brought  into  contact  with  solutions  like  sea-water — 
holding  magnesia  sulphate  or  chloride — double  decomposition  takes 
place  with  the  separation  of  a  very  insoluble  gelatinous  silicate  of 
magnesia,  and  further  that  precipitated  silicate  of  lime  is  decomposed 
by  digestion  with  such  magnesian  solutions,  its  lime  becoming  par- 

1  Abstract  of  Proceedings  Geological  Society  of  London,  Q.  J.  G.  S.  p.  472, 1884. 
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tially  or  wholly  replaced  by  magneBia  "  (Qeol.  Hist  of  Serpentines, 
1873,  p.  169).  These  experiments  date  from  1860,  their  aocuraoy 
has  never,  I  believe,  been  disputed,  and  the  hypothesis,  as  regards 
the  formation  of  serpentine,  '*  has  been  adopted  by  Delesse,  Giimbel, 
Credner,  Favre,  Dieulefait,  and  Stapf "  {ibid.  p.  206). 

As  regards  the  removal  of  alumina  in  solution,  which  has  been 
thought  to  be  a  difficulty,  Dr.  Heddle  says,  **  Silicate  of  alumina  can 
be  decomposed  by  chloride  of  magnesium  or  sulphate  of  magnesium, 
silicate  of  magnesia  being  formed  "  (quoted  in  Min.  Mag.  vol.  iii.  p. 
139).  I  myself  have  found  that  sea-water,  aided  by  heat  and  pres-- 
sure  dissolves  out  not  only  lime  (when  present)  and  alkalies,  but 
also  alumina  and  a  little  silica  from  all  varieties  of  felspar. 

The  late  David  Forbes  was  a  firm  believer  in  the  dolomitic  origin 
of  much  of  the  Lizard  serpentine.  The  following  are  two  of  his 
analyses  of  serpentinous  rocks  from  a  Cornish  locality  as  given  by 
Capt  Marshall-Hall  (Min.  Mag.  vol.  iii.  p.  213)  :— 

Dolomitic.  Serpentinic. 

Silica  8-43  ...  39-48 

Oxides  of  iron  and  alomina 1*16  ...  1'65 

Lime    13-37  ...  24-14 

Magnesia 2012  ...  1816 

Carbonic  acid 49-04  ...  13-83 

Water 12-91  ...  4-66 

100-02  101-82 

Of  course  these  substances  are  much  farther  removed  from  true 
serpentines  than  those  ordinarily  met  with  in  the  Lizard  district. 
The  changes  indeed  are  evidently  far  from  complete;  they  may  never- 
theless serve  in  some  degree  to  indicate  one  mode  in  which  such 
transformations  have  been  brought  about. 

The  origin  of  the  Porthalla  serpentine,  as  well  as  that  of  Mullion 
and  the  greater  part  of  the  Lizard  district  has  been,  I  believe, 
brought  about  pretty  much  as  follows  : — 

A  series  of  beds  of  ancient  stratified  rocks — including  siliceous 
limestones  and  dolomites  of  varying  composition  and  texture,  some 
therefore,  more  permeable  than  others — has  been  contorted  and  com- 
pressed during  many  ages.  At  some  periods  during  the  long  series 
of  changes,  they  have  been  subject  to  the  action  of  magnesian 
chlorides  in  solution,  at  an  elevated  temperature,  and  under  consider- 
able pressure;  submergence  in  the  waters  of  the  sea  to  a  con- 
siderable depth  would  suffice  to  give  all  these  conditions. 

In  this  way  from  the  more  permeable  beds  silicates  of  alkalies  and 
of  lime  together  with  alumina  might  be  carried  away  in  solution  and 
silicates  of  magnesia  deposited — the  oxides  of  iron  present  remain- 
ing unchanged  or  nearly  so.  The  less  permeable  beds  perhaps  have 
suffered  internal  changes  of  a  less  complete  character — the  ultimate 
chemical  composition  here  may  perhaps  be  pretty  much  as  it  was 
originally,  but  the  components  have  been  rearranged  so  as  to  give 
rise  to  the  peculiar  homblendic  and  felspathic  constituent  minerals 
now  present  Of  course  if  there  had  been  any  veins  of  igneous 
rock  previously  injected  before  these  chemical  agencies  had  got  to 
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work,  these  too  if  they  were  susceptible  of  conversion  into  serpen- 
tine might  be  so  converted,  and  we  should  then  have  tnirimve 
serpentine  as  well  as  interbedded  serpentine,  not  merely  in  neigh- 
bouring localities,  but  actually  in  the  same  locality. 

Assuming  the  intrusive  nature  of  the  Coverack  rock,  it  may  be  that 
such  has  been  its  origin,  and  such  has  been  certainly  the  origin  of 
the  serpentinous  rocks  of  Clicker  Tor,  and  other  localities,  to  be 
hereafter  referred  to.  I  must  here  repeat,  however,  that  I  have  been 
unable  to  find  any  evidence  of  the  existence  of  intrusive  serpentine 
rock  at  Porthalla,  Mullion,  or  Eynanoe. 


IV. — Some    Speculations  on    the   Phenomena   suggested  by  a 
Geological  Study  of  Vesuvius  and  Monte  Somma. 

By  H.  J.  Johnston-Lavis,  M.D.,  F.G.8.,  etc. 

DISREGARDING  for  convenience  the  internal  volcanic  forces  of 
the  earth,  let  us  take  for  granted  that  we  have  an  unlimited 
supply  of  fused  silicates  at  a  very  high  temperature  ;  what  will  be 
the  changes  and  effects  produced  in  the  escape  of  such  matters  upon 
the  earth's  surface  ? 

That,  at  the  great  sources  of  volcanic  material  the  igneous  mass  is 
in  a  completely  fused  state  there  can  hardly  exist  any  doubt  By  this 
is  meant  that  the  magma  is  an  intimate  mixture  of  various  chemical 
elements  and  compounds  that  have  not  yet  assumed  any  other  than 
the  fluid  state,  or,  in  other  words,  that  the  molecules  move  freely 
amongst  each  other  and  have  not  arranged  themselves  in  any  definite 
crystalline  form. 

One  of  the  most  important  questions  that  first  arises,  and  is  not 
susceptible  of  complete  response,  is  whether  this  fused  magma  con- 
tains aqueous  matter  in  "  solution  "  ? ' 

If  we  must  really  regard  granite  as  a  primary  igneous  rock,  the 
presence  of  water  cavities  in  the  quartz  might  certainly  seem  to 
prove  the  existence  of  that  compound  in  the  original  fused  magma. 
We  must  nevertheless  remember  that  such  may  have  been  absorbed 
from  the  aquiferous  strata  in  the  neighbourhood  of  the  granite  if  in- 
trusive ;  or  supposing  such  a  rock  to  be  the  original  earth's  crust,  the 
question  carries  us  beyond  safe  speculation.  Even  admitting  that  a 
small  portion  of  aqueous  matter  is  mixed  in  the  fused  magma,  it  is 
hardly  probable  that  it  is  sufficient  to  account  for  the  large  amount 
of  vapour  escaping  during  explosive  and  even  tranquil  volcanic 
activity. 

If  we  take  25  kilometers  as  the  thickness  of  the  earth's  solid 
crust  traversed  by  the  igneous  matter  before  its  exit;  we  shall  have 
made  but  a  very  moderate  estimate.  If  we  make  a  rough  calculation 
of  what  amount  of  material  can  be  contained  within  a  volcanic 
chimney  25  kilometers  long  together  with  its  ramifications,  with 
a  diameter  equal  to  any  of  the  cores  seen  in  denuded  examples  of 
old  volcanoes,  we  shall  see  that  the  quantity  is  very  great. 

Let  us  suppose  the  area  of  the  section  of  the  chimney  equal  the 
1  By  '<  solution  "  is  meant  a  condition  similar  to  the  solntion  of  CO'  in  water. 
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area  of  seotion  of  a  lava  stream  flowing  from  it ;  then  before  that 
part  of  the  mass  that  enters  the  lower  extremity  can  reach  the  surface, 
a  lava  stream  will  have  been  thrown  out  and  have  flowed  25  kilo- 
meters long. 

We  therefore  see  that  the  igneous  magma  must  remain  for  a  very 
considerable  time  during  its  passage  upwards,  in  contact  with  the 
walls  of  the  ohimney,  even  when  we  have  to  deal  with  a  rapid  out- 
pour of  lava.  If,  on  the  other  hand,  the  upper  outlet  be  blocked 
either  by  the  cooling  of  the  contained  mass,  or  the  crumbling  in  of 
its  sides,  a  very  extensive  column  of  igneous  magma  may  remain  for 
ao  indefinite  time  without  much  disturbance. 

Now  the  walls  of  this  tubular  channel  will  be  composed  of  varied 
kinds  of  rock,  many  of  which  may  be  rich  water-bearing  strata. 
We  have  therefore  a  superheated  fluid  igneous  magma  under 
enormous  and  varying  pressure  in  contact  with  solid  rocks  of  different 
chemical  composition ;  conditions  more  favourable  could  hardly  be 
conceived  for  chemical  interchange. 

There  would  take  place  the  gradual  assimilation  of  water  into  the 
fluid  rock  in  quantities  proportional  to  the  temperature,  pressure, 
supply,  and  chemical  composition  of  the  fused  mass,  but  probably 
most  dependent  upon  the  length  of  exposure.  When  a  great  erup- 
tion of  lava  was  taking  place,  a  given  mass  might  traverse  the  whole 
of  the  chimney  in  a  few  days,  or  if  the  volcano  were  semi-extinct,  as 
Somma  was  before  a.d.  79,  the  contact  of  the  two  materials  might 
be  prolonged  over  centuries.  In  the  first  instance,  where  little  time 
was  given  for  water  absorption,  we  should  expect  a  gradual  outpour 
of  fluid  rock,  such  as  is  usually  the  case  in  that  type  of  eruption, 
whereas  in  the  second  the  enormous  expansion  of  volatile  matter  due 
to  the  extensive  imbibition  of  many  years,  would  be  so  great  and 
take  place  with  such  rapidity  that  in  escaping  from  the  tube  it  would 
carry  the  fluid  magma  with  it 

I'he  mass  would  naturally  have  lost  much  of  its  heat  by  raising 
the  absorbed  water  to  its  own  temperature,  and  during  the  eruption 
this  loss  would  be  great  by  the  oonveraion  of  the  liquid  into  gaseous 
water.  The  rock  torn  into  fragments  as  the  result  of  this  rapid 
expansion  would  still  experience  diminution  of  pressure,  and  there- 
fore temperature,  in  their  ascent,  so  that,  long  before  crystals  or  even 
microliths  could  form,  the  rock  must  have  solidified  as  a  vitreous  or 
at  least  semi- vitreous  mass. 

If  the  conditions  for  the  absorbing  of  water  be  less  favourable,  or, 
when  two  paroxysmal  eruptions  rapidly  follow  each  other,  then 
the  explosions  will  take  place  with  much  less  violence.  At  the  same 
time  less  heat  will  be  lost  in  expansion,  and  so  the  cooling  of  the 
mass  will  take  place  more  gradually,  allowing  the  formation  and 
growth  of  microliths  and  crystals.  As  the  rock  is  less  rich  in 
volatile  matter,  it  remains  in  a  plastic  state  longer,  so  as  to  permit  of 
the  escape  of  what  few  bubbles  there  are,  the  rock  that  results  will 
assume  a  more  compact  and  crystalline  character.  By  such  gradations 
we  pass  through  what  has  been  called  vitreous,  microlitio,  compact 
pumice,  to  pumiceous  scoria,  and  thence  to  true  lava  and  scoria. 
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Lava  we  have  seen  to  be  rather  the  result  of  chronic  activity ; 
which  is  obviously  due  to  two  causes.  First,  as  there  is  a  continual 
dribbling  forth  from  time  to  time  of  fluid  rock,  that  portion  occupy- 
ing the  chimney  is  gradually  changed,  so  as  to  leave  little  time  for 
hydration  of  the  magma.  Secondly,  whatever  aqueous  matter  was 
absorbed,  would  be  rapidly  got  rid  of  as  bubbles  which  rise  to  the 
surface  of  the  fluid  column  and  there  escape  as  the  '*  smoke  "  of  the 
volcano. 

In  chronic  activity  the  lava  column  may  be  kept  a  long  time, 
independent  of  constant  loss,  at  a  high  temperature,  from  the  heat 
derived  from  below ;  so  that  crystallization  can  have  its  full  play, 
producing  highly  crystalline  rooks.  Thus  we  see  at  Vesuvius  that 
the  small  streams  that  issue  after  a  long  period  of  gentle  activity  are 
exceedingly  rich  in  large  leucites  and  pyroxenes,  whereas  long 
streams  after  an  inactive  state  are  fine-grained.  With  the  coarse 
crystalline  lavas  all  the  water  has  been  boiled  off  so  that  no  scoria 
fonns,  as  in  that  of  1858,^  whereas  in  the  fine-grained  vapour-bearing 
ones,  as  1631  and  1872,  there  is  an  abundance  of  scoria  formed  on 
their  surface. 

Dyke-forming  material  may  be  regarded  as  a  lava  suddenly  cooled 
at  its  surfaces  as  a  vitreous  salband.  The  central  portion  on  the 
contrary  cools  slowly  under  comparatively  favourable  conditions,  com- 
pared with  the  simultaneous  outflowing  of  lava  in  another  direction, 
while,  though  the  latter  may  be  fine-grained,  the  former  may  have 
a  very  coarse  crystalline  structure. 

All  these  variations  in  eruptive  phenomena  do  not  exclude  those 
other  conditions  that  exist  in  the  fluid  (?)  interior  of  the  earth,  or  at 
least  in  the  reservoirs  from  which  the  primary  matter  must  be 
derived.  The  upheaval  of  mountain  chains,  a  certain  class  of  wide- 
spread earthquakes,  the  apparent  relation  of  eruptive  periods  to  the 
lunar  tides,  and  barometric  pressure,  may  all  be  independent  of  the 
secondary  or  modifying  causes  of  eruptive  activity. 

If,  as  is  generally  the  case,  the  volcano  be  situated  near  the  sea, 
there  is  no  reason  why  the  old  theory  of  percolation  of  sea-water 
may  not  in  part  be  true  as  a  cause  of  eruption.  We,  however,  must 
not  look  upon  water  as  the  primary  determining  agent,  for  if  the 
l^\  seismic  forces  are  capable  of  upheaving  the  great  mountain  ranges 
'  '  of  tLe  globe,  surely  they  can  fissure  the  crust  of  the  earth  and  squeeze 
out  a  little  fluid  rock.  Such  escape  might  take  place  quite  tranquilly, 
were  the  igneous  magma  not  brought  into  contact  with  water-bearing 
strata,  and  probably  sometimes  does  so,  if  we  may  judge  from  those 
extensive  sheets  of  basalt  in  Idaho,  U.S.A.,  without  the  sign  of  a 
cinder  cone. 

Tliat  sea-water  really  reaches  the  lava,  and  causes  its  more  violent 
exit,  seems  certainly  supported  by  the  fact  that  the  upholders  of 
that  theory  have  made  so  much  use  of,  namely,  the  quantity  of 
H  CI,  with  chlorides  and  sulphates  of  the  alkalies  so  abundant  in 
volcanic  vapour,  and  around  fumaroles.  Most  valuable  evidence 
could  be  obtained  by  the  study  of  the  saline  crusts  and  exhalations, 
if  any  exist,  that  occur  at  the  few  inland  volcanoes  that  are  at 
^  Judd,  Volcanoes,  1881,  p.  211. 
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present  active,  as,  for  instance,  Jorullo  in  Mexico,  and  some  others. 
It  would  also  be  worth  studying  the  proportion  of  alkalies  in  any 
given  series  of  eruptive  deposits,  to  endeavour  to  discover  whether 
the  amount  of  water- vapour  that  escapes  bore  any  relation  to  these. 
This  reroaik  will  be  better  understood  when  we  remember  the  vast 
amount  of  HCl  and  SO^  that  escapes  in  the  ''  smoke  "  of  a  volcano, 
which,  if  derived  from  the  decomposition  of  sea  salts,  must  certainly 
represent  a  considerable  amount  of  alkalies  and  alkaline  earths, 
which  should  be  found  in  the  igneous  rock. 

So  far  we  have  only  studied  the  modifications  brought  about 
between  water  and  substances  held  in  solution  in  it,  and  the  igneous 
magma ;  there  is  therefore  left  the  consideration  of  the  interchanges 
that  may  take  place  between  that  latter  and  various  solid  rocks. 

We  should  naturally  expect  that  the  delayed  contact  of  an  igneous  /^V'^  wu^^^ 
mass  with  the  walls  of  its  containing  tube,  if  they  should  consist  of 
highly  siliceous  rocks,  would  not  be  the  same  as  with  walls  of 
magnesian  limestone  or  other  earthy  carbonates.  Neither  should  we 
expect  that  either  would  result  in  the  same  way  if  inclosed  in  a 
tube  of  argillaceous  strata.  We  must  remember  that  in  all  prob- 
ability the  tube  may  traverse  all  these  materials,  but  still  one 
particular  class  of  rocks  may  predominate. 

This  certainly  seems  a  more  reasonable  explanation  than  that  of 
Von  Richthofen,*  which  supposed  one  silicate  floating  on  another. 
If  such  were  the  case,  we  should  expect  distinct  groups  of  igneous 
rocks  instead  of  those  imperceptible  gradations  that  puzzle  all  the 
experience  of  our  chemists  and  petrologists.  Did  any  laboratory 
experiment,  any  smelting-fumace  or  glass-factory,  show  that  one 
silicate  floats  on  another  like  oil  on  water?  I  think  the  roost 
extraordinary  complexity  of  the  composition  of  the  crystallized 
silicates  is  alone  sufficient  to  prevent  our  supposing  the  separation 
of  bodies  so  nearly  allied  chemically.  It  is  not  astonishing  to  see 
substances  like  oil  floating  on  water,  or  the  latter  on  chloroform, 
when  we  remember  what  a  very  different  arrangement  of  molecules 
each  of  these  bodies  have  when  compared  together,  whereas  glycerine, 
alcoholj  ether,  chloroform,  bodies  nearly  allied,  mix  with  facility. 
Nevertheless,  these  are  not  so  similar  as  one  silicate  to  another. 

Those  geologists  who  have  studied  the  late  Tertiary  volcanoes 
of  Italy  have  always  remarked  a  great  similarity  between  their 
products.  True  it  is  that  we  have  basalts,  dolerites,  leucilites, 
andesites,  trachytes,  and  rhyolites ;  yet  the  great  majority  of  them 
range  between  the  dolerite  and  non-quartziferous  and  rather  basic 
trachyte,  whilst  the  basalts  and  quartziferous  lavas  are  confined  to 
small  and  isolated  patches.  The  remarkable  similarity  presented  by 
the  leucitic  rocks  in  a  range  of  volcanoes  parallel  to  the  mountain 
axis,  and  therefore  bursting  through  similar  strata,  is  worthy  of 
notice.  Perhaps  not  less  so  than  the  fact  that  all  the  smaller 
volcanoes  that  have  been  formed  chiefly  by  spasmodic  or  paroxysmal 

^  It  will  be  seen  that  even  were  the  earlier  part  of  the  monntain  pnmiceous.  it 
certainly  was  not  trachytic  with  products  whose  silica  percentage  is  beneath  65  per 
cent.— Jndd,  Volcanoes,  1881,  p.  204. 
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eruptions  are  of  the  trachytio  type  or  phonolitic  at  tbe  mofit, 
whereas  those  of  more  permanent  activity,  as  Etna,  Stromboli, 
Vesuvias,  Roccamonfina,  and  some  of  the  Roman  ones,  have  a 
much  more  basic  character.^  Whatever  may  really  be  the  cause,  in 
this  variation  of  volcanic  ejectamenta  in  this  district^  it  would  be 
unsafe  to  dogmatize  upon,  nevertheless  the  above  facts  are  worthy 
of  thinking  over  and  carefully  considering. 

We  have  somewhat  erred  from  our  way  in  endeavouring  to  show 
that  a  fluid  igneous  matter  might  be  modified  by  the  strata  it 
traverses ;  it  now  remains  to  study  the  igneous  fluid  upon  the 
neighbouring  solid  rocks.  All  geologists  who  have  studied  meta- 
morphic  rocks  have  always  recognized  that  the  changes  they  had 
undergone,  had  been  the  result  of  heat,  pressure,  and  chemical 
replacement.  Perhaps  one  of  the  most  interesting  of  such  examples 
are  the  series  of  erratic  blocks  ejected  during  paroxysmal  eruptions 
from  Monte  Somma.  In  some  cases  we  may  see  that  the  rock 
ejected  is  indistinguishable  from  what  may  be  collected  in  the 
Castellamare  limestone  quarries.  From  this  we  may  trace  all 
gradations  to  finding  the  structure  and  composition  entirely  changed, 
having  its  cavities  lined  by  such  minerals  as  leucite  or  pyroxene 
that  are  normal  elements  of  the  igneous  rock,  or  anorthite,  meionite, 
and  many  others  that  may  result  from  the  combination  of  leucitic, 
augitic,  or  other  material  with  the  lime  and  magnesia  of  the  Apennine 
limestone.  That  such  changes  take  place  with  considerable  rapidity 
is  proved  by  the  pyroxenic  or  micaceous  crust  to  fragments  of  lime- 
stone enveloped  accidentally  in  lava  streams,  specimens  of  which 
are  not  rare  to  find. 

Another  fact,  at  first  somewhat  difficult  to  grasp,  is  the  different 
proportion  or  variety  of  minerals  volcanic  rocks  may  contain,  yet 
meanwhile  have  the  same  general  composition. 

That  simply  temperature  is  not  the  sole  element  in  determining 
the  fusion  or  crystallization  of  a  mineral  is  well  demonstrated  by  the 
species  leucite  and  sanidine.  Thus  leucite,  according  to  the 
experiments  of  Messrs.  Fouque  et  L6vy,  crystallizes  at  a  white  heat, 
whereas  the  felspars  only  did  so  at  a  red.  Such  order  is  alsp  borne 
out  by  many  leucitic  rocks,  yet  it  is  not  an  uncommon  thing  to  find 
a  sanidine  crystal  partly  or  entirely  enveloped  in  one  of  leucite, 
not  only  as  micro-  but  also  as  macroscopic  crystals.  This  certainly 
shows  that  the  two  minerals  may  follow  each  other  in  their  separa- 
tion or  may  increase  contemporaneously,  and  therefore  must  be  due 
to  some  other  variation  than  that  of  temperature.  Is  it  not  possible 
that  the  combination  of  certain  temperatures,  pressures,  presence  of 
water,  etc.,  may  favour  the  formation  of  some  minerals  and  retard 
others ;  for  why  should  amphibole  and  pyroxene  replace  each  other 
with  so  much  facility  ? 

Let  us  suppose  that  the  conditions  are  suitable  to  the  crystalliza- 
tion of  a  mineral  from  a  fused  mass  of  mixed  silicates,  which  differs 
from  it  in  the  proportion  of  its  elements.  This  first  mineral,  which 
we  will  call  A,  will  continue  to  crystallize  until  it  has  exhausted  to 

>  Scrope  seemed  inclined  to  accept  a  somewhat  similar  idea. — ^Volcanoes,  1825, 
p.  146. 
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a  certain  extent  the  amorphous  base,  leaving  a  residae  that  approaches 
very  near  the  composition  of  the  second  mineral,  B.  Now  if  the 
conditions  are  favourable,  B  will  exhaust  the  residue  until  that 
approaches  in  composition  to  C  ;  and  so  on. 

If,  however,  the  conditions  that  were  favourable  to  the  formation 
of  more  A  were  prevented  from  continuing,  the  residue  would  not 
perhaps  be  suitable  to  the  formation  of  B,  but  to  another  mineral 
which  we  will  call  X.  This  X  may,  in  its  turn,  leave  a  residue  from 
which  would  not  form  C  but  another  species  Y.  We  should  in  this 
way  have  two  rocks  derived  from  the  same  magma  and  having  the 
same  chemical  composition,  yet  differing  widely  in  their  mineral 
components,  which  using  the  above  letters  could  be  represented  thus  : 
A  +  B4.C  =  A  +  X4-Y. 

V. — On  THi  Discovery  of  Hubcan  Bones  and  Ornaments  in  a 

Cave  in  the  Great  Orhes  Head. 

By  the  Key.  Canon  A.  H.  Wikninotok  Ingram,  F.G.S. 

AGAVE  in  the  south  escarpment  of  the  Great  Ormes  Head  has 
been  in  gradual  process  of  exploration  by  a  person  named 
Eendrick.  In  its  silt  and  breccia  he  has  discovered  fragments  of 
human  skeletons,  indicating  by  their  dimensions  that  the  individuals 
to  whom  they  belonged  were  about  five  feet  six  inches  in  height. 
Some  of  their  tibisB  are  still  to  be  seen  imbedded  in  situ.  There  has 
also  been  found  a  considerable  quantity  of  swine's  teeth,  each  marked 
on  the  fang  with  from  four  to  six  transverse  lines,  and  perforated  at 
the  extremity  with  a  hole  through  which  ran  probably  a  tendon  of  a 
reindeer  or  some  other  ligament  stringing  them  together  as  a  necklace. 
There  is  a  similar  one,  composed  of  human  teeth,  in  the  Christie 
Collection  in  the  British  Museum,  worn  by  the  inhabitants  of  the 
Solomon  Islands.  From  the  same  cave  deposit  there  have  been 
extracted  several  bears'  teeth,  with  a  hole  in  each  of  them  for  their 
suspension  as  ear-rings,  and  two  lower  equine  jaws  with  the  enamel 
of  the  four  incisors  highly  polished,  and  with  zigzag  marks  on  the 
surface  of  the  maxillary  bone.  These  were  probably  hung  also  from 
the  necks  of  the  cave-men  as  ornaments.*  The  whole  cavern,  or  a 
portion  of  it,  has  been  considered  to  have  formed  a  burial-place  for 
some  Iberian  tribe ;  but  the  careless  and  irreverent  manner  in  which 
the  dead  in  it  appear  to  have  been  disposed  of  seems  to  indicate  that 
it  might  have  been  the  habitation  of  a  race  of  cave-men  akin  to  the 
Eskimos,  whom  Professor  Boyd  Dawkins,  in  his  ''Early  Man  in 
Britain,"  describes  as  so  indifferent  to  the  sepulture  of  their  deceased 
relatives  that  they  sometimes  cover  up  their  bodies  with  snow  and 
leave  them  to  be  eaten  by  dogs  or  foxes.  The  cave,  which  contains 
a  natural  reservoir  of  water,  has  only  been  partially  excavated, 
and  further  researches  seem  most  desirable,  as  they  might  lead  to 
the  finding  of  very  important  relics  of  its  original  inhabitants,  as 
well  as  settle  any  doubts  which  may  have  arisen  as  to  the  accuracy 
of  the  present  explorer's  statement,  on  which  the  truth  of  the  dis- 
covery of  the  above-mentioned  remains  in  that  particular  cave  rests. 

^  In  the  same  way  as  the  natives  of  New  Goinea  wear  lower  human  jaws  as  bracelets. 
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VT. — On  "  WiNOLBss  Birds,"  Fossil  and  Recent  ;  and  a  Few 
WoBDS  ON  Birds  as  a  Class. 

By  Hbnht  Woodwaud,  LL.D.,  F.R.S.,  F.G.S. 
(Read  before  tlie  Geologists*  Association,  May  Ist,  1885.) 

BEFORE  offering  a  short  account  of  the  Struthious,  or  Ostrich- 
like  Birds,  commonly  called  ''  Wingless  Birds,"  I  propose  to 
say  a  few  words  about  Birds  as  a  class. 

Every  one  who  has  paid  attention  to  the  anatomy  of  Birds  has 
been  struck  by  the  marvellous  uniformity  of  the  Class.  Embracing 
as  it  does  almost  countless  numbers  of  species,  these  are  found  upon 
examination  to  pass  insensibly,  by  the  most  delicate  differences,  the 
one  into  the  other,  so  that  it  often  is  most  difficult  to  distinguish 
genera  and  species. 

*'  lliough  this  class,"  says  Prof.  Huxley,  **  contains  a  great  num- 
ber of  specific  forms,  the  structaal  modifications  which  they  present 
are  of  comparatively  little  importance :  any  two  birds  which  can  be 
selected  differing  from  one  another  less  than  the  extreme  types  of 
Laoertilia,  and  hcirdly  more  than  the  extreme  types  of  Chelonia 
do." 

If  we  take  up  a  bird's  skull,  we  shall  find  that  the  vertebral  column 
articulates  to  the  head  by  a  single  occipital  condyle.  That  each 
ramus  of  the  lower  jaw  is  composed  of  a  number  of  pieces  which 
are  distinct  in  the  embryo :  the  jaw  itself  being  united  to  the  skull, 
not  directly,  but  by  the  intervention  of  the  "  quadrate  bone,"  as  in 
reptiles. 

That  the  fore-limb  (manus)  in  no  existing  bird  possesses  more 
than  three  fingers,  or  digits,  and  the  metacarpal  bones  are  anchy- 
losed  together.  Also  we  notice  that  the  fore-limb  in  all  living  birds 
is  useless  as  an  organ  of  prehension,  and  that  in  most  it  serves  as  an 
organ  of  flight 

That  the  hind-limb  in  all  birds  has  the  ankle-joint  between  the 
bones  of  the  tarsus  ;  the  astragalus  and  calcaneum  uniting  with  the 
distal  end  of  the  tibia  and  the  lower  bones  with  the  metateursus, 
which  in  birds  is  called  the  "  tarso-metatarsal "  bone. 

[The  heart  has  2  auricles  and  2  ventricles,  the  right  and  left  sides 
being  completely  separated  from  each  other ;  nor  is  there  any  com- 
munication between  the  pulmonary  and  systemic  circulation  as  there 
is  in  reptiles. 

The  respiratory  organs  are  in  the  form  of  spongy  cellular  lungs, 
not  freely  suspended  in  pleural  sacs,  and  the  bronchi  open  on  the 
surface  with  a  number  of  air-sacs,  placed  in  different  parts  of  the 
body.] 

All  birds  are  oviparous,  none  bringing  forth  their  young  alive,  or 
being  ovoviviparous,  as  is  the  case  with  some  of  the  reptilia. 

All  birds  are  provided  with  an  epidermic  covering  specially 
modified  so  as  to  constitute  what  is  known  as  ''  feathers." 

Lightness  and  strength  characterize  the  bones  of  the  bird's 
skeleton.  The  walls  of  the  bones,  although  very  thin,  contain  a 
large  amount  of  phosphate  of  lime,  which  gives  them  great  compact- 
ness. 
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The  absence  of  marrow  in  many  of  the  bones,  and  its  replacement 
by  air-cells,  also  gives  great  lightness  to  the  bird's  skeleton. 

Pectdiarities  of  Vertebral  Column  in  Birds. — The  cervical  region 
has  seven  vertebrae  constantly  in  man  and  other  mammalia ;  but  in 
birds  the  neck  is  greatly  elongated,  and  has  from  8  to  23  vertebrse  ! 
The  neck  is  long  and  flexible,  and  with  the  beak  is  used  in  place 
of  the  fore-limbs  and  hands.  The  vertebrae  are  convex  from  above 
downwards,  and  concave  from  side  to  side,  in  front;  whilst  the 
posterior  surface  is  concave  from  above  downwards,  and  convex 
from  side  to  side. 

The  dorsal  vertebrae  are  from  6  to  10  in  number;  the  anterior 
4  or  5  are  anohylosed  together  to  give  support  to  the  wings.  All 
the  vertebrae  between  the  last  dorsal  and  the  first  caudal  (from  9  to 
20)  are  anohylosed  together  to  form  a  bone  which  is  known  as  the 
sacrum.  To  this  the  iliac  bones  are  anohylosed  along  the  whole 
length,  giving  perfect  immobility  to  this  region  of  the  spine  and 
to  the  pelvis. 

The  Tail. — ^The  caudal  or  coccygeal  vertebrae  vary  from  8  to  10 
in  number,  and  are  moveable  upon  one  another.  The  ''ploughshare- 
bone  "  has  several  anohylosed  vertebrae  in  it.  This  bears  the  great 
reclrices,  or  quills,  of  the  tail ;  but  in  cursorial  birds,  and  birds  that 
do  not  fly,  this  is  not  developed. 

The  tail  in  Archcsopteryx  consists  of  20  caudal  vertebrae,  each  joint 
having  a  pair  of  feathers,  one  on  each  side.  The  tail  of  embryo 
birds  is  many-jointed  and  free,  and  so  also  is  the  tail  in  the  auk 
and  penguin. 

Thorax  and  Fore-limb  (Wing). — The  thorax  is  bounded  by  the 
ribs,  of  which  there  are  from  6  to  10  pairs.  They  articulate  in  front 
to  the  sternal  ribs  or  costal  cartilages  ossified ;  these  are  moveably 
articulated  to  the  sternum,  giving  freedom  to  the  respiratory  move- 
ments of  the  heart  and  lungs. 

In  front  is  the  expanded  sternum,  or  breast-bone,  which  in  all 
birds  that  fly  has  a  greatly  developed  median  ridge  or  keel  to 
which  the  pectoral  muscles  are  attached,  which  move  the  wings. 
This  keeled  breast-bone  or  sternum  is  so  charaoteristio  of  birds 
of  flight  as  to  cause  all  those  birds  which  possess  it  to  be  classed  in 
the  division  Cabin atjb,  or  keeled  birds,  whilst  the  crest  is  not  pro- 
duced in  birds  which  do  not  fly,  as,  for  example,  the  Ostrich  and  its 
allies,  which  are  consequently  classed  under  the  Ratita,  or  boat- 
breasted  birds,  being  destitute  of  a  keel  to  the  sternum.  At  the 
anterior  angles  of  the  sternum  are  fixed  the  two  coracoids,  which 
help  to  form  "  the  pectoral  arch." 

llie  pectoral  arch  consists  of  the  shoulder-blades  or  scapulae,  the 
collar-bones  or  clavicles,  called  also  the  furculum,  or  'merry  thought,' 
and  the  coracoids,  one  on  each  side. 

The  shoulder-blade  or  scapula  has  no  ridge,  and  is  a  simple  strap- 
like bone.     It  helps  to  form  the  glenoid  cavity  for  the  humerus. 

The  coracoid  bones  are  the  two  strongest  bones  in  the  scapular 
arch ;  they  receive  the  downward  pull  of  the  muscles  of  the  wing 
of  the  bird  in  flight    The  "  clavicles  "  (which  are  usually  united  in 
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one  bone,  the  forculum)  also  aot  as  supports,  and  tend  to  resist, — by 
their  union  with  the  shoulder,  at  eaoh  end,  and  with  the  ridge  of 
the  sternum  in  the  centre, — Uie  pressure  of  the  wing-muscles  in 
flight.  The  bones  of  the  wing,  or  fore-limb,  are  the  humerus,  the 
radius  and  ulna,  tbe  former  of  which  is  small  and  slender.  The 
carpus  consists  of  three  bones  (the  metacarpals),  the  two  outermost 
digits  are  absent,  and  the  remaining  three  phalanges  are  anchylosed 
together.  The  thumb  sometimes  carries  a  claw,  as  in  the  Ehea, 
Ostrich,  Screamer,  etc. 

In  the  young  chick  we  find  the  radial  and  ulnar  carpal  bones  are 
distinct.   These  become  united  with  the  radius  and  ulna  in  the  adult 

In  ArchcBopteryx  thej  are  seen  to  be  distinct,  and  all  three 
phalanges  are  provided  with  claws.  (See  Dames  on  the  Berlin 
Archmopteryx.) 

The  pelvic  arch,  and  hind-limb. — ^The  posterior,  or  "pelvic  arch," 
is  composed  of  the  ilium,  the  ischium,  and  the  pubis ;  these  bones 
are  always  anchylosed  together  and  united  to  the  sacral  region  of 
the  spine. 

The  Ostrich  is  the  only  bird  in  which  the  two  pubic  bones  are 
united  by  a  symphysis-pubis.  The  hind-limb  consists  of  the  femur, 
tibia  and  fibula,  tarsus,  metatarsus,  and  phalanges.  The  femur  in 
birds  is  a  short  bone.  The  tibia  is  long,  and  has  a  thin  tapering 
fibula  attached  to  it 

The  ankle-joint  is  placed,  as  in  Beptiles,  between  the  proximal 
and  distal  portions  of  the  tarsus,  the  astragalus  and  calcaneum  being 
united  with  the  tibia  and  the  distal  portion  to  the  2nd,  3rd,  and 
4th  metatarsals  to  form  the  '  tarso- metatarsal  bone.' 

The  leg  in  birds  varies  enormously  in  length,  as  may  be  seen  by 
comparing  the  Waders  and  Perchers. 

There  is  a  remarkable  constancy  in  the  number  of  joints  to  the 
toes  of  the  foot  in  almost  all  birds,  thus : — I.  The  hallux,  or  hind-toe 
(=to  the  thumb),  has  two  joints;  the  II.  inner  toe  has  3  joints; 
the  III.  or  middle-toe  has  4  joints;  and  the  IV.,  or  outer-toe,  has 
5  joints.  [The  fifth  toe  is  never  present,  and  the  'hallux'  is 
frequently  absent.] 

But  no  rule  is  without  exceptions.  Thus  the  ** Swifts"  have 
never  more  than  3  joints  to  the  third  and  fourth  toes.  The  ''  Goat- 
sucker "  has  2  joints  less  on  the  outer  or  4th  toe.  The  inner  big-toe 
(II.)  and  the  hallux  disappear  in  the  Ostrich. 

The  hallux  is  frequently  absent  both  in  Natatorial  (Swimming) 
and  in  Cursorial  (or  Kuuning)  birds.  [Compare  the  Avian  foot  and 
pelvis  with  that  of  the  Dinosaurs.] 

Scarcity  of  Avian  ^o»«t7«.— Although  we  have  positive  evidence  of 
the  existence  of  Birds  in  the  Jurassic  period,  yet  their  presence,  as 
fossils,  is  most  uncommon. 

It  was  at  one  time  surmised  that  the  numerous  bipedal,  three-toed 
foot-prints,  preserved  upon  the  surface  of  Connecticut  Sandstone  of 
Triassic  age,  had  been  made  by  birds ;  but  it  may  now  be  argued, 
with  equal  probability,  that  these  tracks  may  have  been  left  by 
Dinosaurian  reptiles,  having  tridactyle  hind-feet  upon  which  they 
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▼ery  frequently,  if  not  oonstantly,  progressed,  in  an  erect  position, 
as  seems  to  have  been  the  habit  of  Iguanodon  and  several  others. 

(1).  The  earliest-known  Bird  with  which  we  are  acquainted  is  still 
the  Archaopteryx. 

At  first  only  a  single  Bird's  feather  was  found  in  the  Lithogra- 
phic Slate  of  Solenhofen  and  named  (in  1861  by  H.  von  Meyer) 
Archaopteryx  lithographica. 

In  the  same  year,  the  almost  entire  skeleton  of  a  curious  long- 
tailed  bird  was  discovered  by  Dr.  Haberlein,  and  described  by  Prof. 
A.  Wagner,  as  a  new  ''feathered  Reptile"  {Chriphosaunis prohlema- 
ticuB,  A.  Wag.).  In  November,  1862,  its  Avian  affinities  were  fully 
established  by  Prof.  Owen  (PhiL  Trans.  1868.  pp.  33-47,  plates  i.- 
iv,),  and  the  Bird  now  forms  the  type  of  a  new  order  of  Birds, 
the  Saububje,  or  long-tailed  lizard-like  Birds. 

It  was  shrewdly  suspected  (from  the  presence  in  the  slab  of  a 
small  detached  maxillary  bone  with  teeth),  that  Archaopteryx 
departed  not  only  from  ordinary  birds,  in  the  long  and  lizard- 
like tail,  but  also  in  having  its  jaws  armed  with  teeth.  The 
discovery  in  1879  of  a  second  specimen  of  Archaopteryx  (now 
fortunately  secured  for  the  Berlin  Museum)  fully  confirms  this  very 
important  point,  and  we  know  now  from  the  researches  of  Prof.  W. 
Dames  in  Berlin  (Geol.  Mag.  1882,  p.  566-068),*  that  Archaopteryx 
had  from  10  to  12  teeth  in  the  maxillary  and  pre-maxillary  border 
on  each  side,  and  three  or  more  teeth  in  the  lower  jaw  also. 

This  oldest  Jurassic  Bird  presents  the  following  peculiarities,  viz., 

1.  The  presence  of  true  teeth  in  the  skull  and  lower  jaw. 

2.  The  vertebrsB  biconcave. 

8.  A  well -ossified,  broad  sternum. 

4.  Three  free  digits  in  each  manus,  armed  with  claws. 

5.  Pelvic  bones  separate. 

6.  The  distal  end  of  the  fibula  in  front  of  the  tibia. 

7.  Metatarsals  separate  or  imperfectly  united. 

8.  These  with  free  metacarpals  in  the  wing,  and  the 

9.  Long  lizard-like  tail,  show  dearly  that  we  have  in  Archaopteryx 
a  most  remarkable  form,  which  as  a  bird  has  most  reptilian  affinities. 

(2).  The  next  evidence  of  Bird-remains  consists  of  some  detached 
bones  of  a  true  Bird  from  the  Wealden  of  Sussex,  but  they  are  not 
sufficiently  important  to  be  discussed  here.' 

(8).  Equally  fragmentary  are  the  remains  of  the  Pelagomis  Bar^ 
rettii  from  the  Cambridge  Greensand. 

(4).  But  from  the  Middle  and  Upper  Cretaceous  of  New  Jersey 
of  Western  Kansas  and  from  Texas  in  the  United  States,  we  obtain 
evidence  of  no  fewer  than  eight  genera  and  twenty  species  of  Birds 
ofifering  most  striking  and  remarkable  characters. 

We  are  indebted  to  the  labours  of  Prof.  0.  C.  Marsh  for  this 
wonderful  addition  to  our  knowledge  of  the  extinct  birds  of  the 

»  See  alflo  Geol.  Mao.  1884,  Decade  III.  Vol.  I.  pp.  418-424,  Plate  XIV. 

'  "Remains  of  Birds,'*  Mantell  (PalaornU  Ciijtii),  Geol.  Trans.  2nd  series, 
Tol.  T.  t.  13.  Wealden,  Tilmte  Forest.  Preserred  in  the  Geological  Collection  of  the 
British  Museum  (Natural  History). 
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Secondary  Rocks,  of  which  the  genera  Hesperomts  and  Ichthyornis 
present  two  very  remarkable  types. 

The  first  {Hesperomts)  had  only  a  rudimentary  wing,  was  nearly 
six  feet  high,  had  a  flat  sternum,  and  its  jaws  were  armed  with  teeth 
implanted  in  grooves.     It  was  a  huge  fish-eating  Diver. 

The  second  {Ichthyornis)  possessed  very  powerful  wings  and  a 
keeled  sternum ;  and  its  jaws  were  armed  with  teeth  in  distinct 
sockets.     The  vertebrae  are  biconcave. 

These  remarkable  birds  form  a  second  order,  the  Odontornithbs.' 

They  have  teeth,  but,  unlike  ArchoBopteryx,  they  have  not  the  long 
lizard-like  tail. 

Upwards  of  thirty  genera  of  birds  have  been  described  from 
Eocene-Tertiary  strata,  but  as  most  of  these  are  like  the  great  bulk 
of  our  modern  birds,  I  will  only  specially  refer  to  one  or  two. 

Two  species  of  Oastomis  are  now  known,  one  from  Paris  and  one 
from  Belgium.  It  was  originally  believed  to  be  a  Struthious  bird, 
like  the  Ostrich :  it  is  now  considered  a  hugh  wading  or  Anserine 
bird.  Mr.  E.  T.  Newton,  F.G.S.,  has  also  discovered  some  similar 
Bird-remains  in  the  Lower  Eocene,  Woolwich  Series,  near  London 
(not  yet  published).  Sir  R.  Owen  has  described  three  bird-remains 
of  very  great  interest,  from  the  London  Clay,  namely  ArgiUomis 
longipenniSf  a  fish-eating  (serrated  or  tooth-billed)  bird  larger  than 
the  Albatross:  a  serrated-billed  bird  (also  no  doubt  fish-eating) 
named  Odontopteryx  toliapicus.  Sir  Bichard  Owen  has  also  described 
an  imperfect  skull  of  a  great  Struthious  Bird,  Dasornis  londintensia, 
with  affinities  to  Dinornia ;  whilst  in  strata  of  Eocene  age  in  New 
Mexico  Prof.  Oope  records  the  discovery  of  Diatryma  gigantea,  a 
wingless  bird  twice  the  size  of  the  living  Ostrich. 

We  may  pass  over  the  Miocene  Birds,  which  are  mainly  interest- 
ing as  showing  a  modified  distribution  for  modem  Birds— as,  for 
example,  the  occurrence  of  true  Ostrich-bones  fossil  in  the  Newer 
Miocene  of  the  Siwalik  Hills  in  India. 

We  come,  however,  in  late  Tertiary  times  upon  a  group  of  Birds 
(very  scantily  represented  in  the  older  Tertiaries)  with  representa- 
tives living  to-day  in  widely  separated  geographical  areas. 

These  form  the  Order  Katitjb  or  raft-breasted  birds  having  no 
keel  to  the  sternum. 

In  New  Zealand  we  have  the  Family  Dinomithidss  (Dinomw),  all 
—  or  nearly  all — large  cursorial  birds,  the  wings  absent,  or  quite 
rudimentary,  and  useless  for  flight. 

In  Madagascar  we  have  the  extinct  jEpyomis  closely  related  to 
Dinornis. 

In  the  Mascarene  Islands  we  have  remains  of  another  wingless 
bird,  Erythromachus  Leguati,  allied  to  the  living  Apteryx. 

In  the  Bone-caves  of  Wellington,  New  South  Wales,  remains  of 
Dromaornie  and  of  Brommua  have  been  found. 

In  the  Bone-caves  of  Brazil,  remains  of  a  species  of  Bhaa  have 
been  met  with. 

In  the  Eocene  deposits  of  New  Mexico  we  have  Cope's  Diatryma 
gigantea, 

1  See  Gbol.  Mao.  1876,  pp.  49-63,  PI.  II. ;  Op.  cit.  1880,  pp.  622-626. 
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Lastly,  in  the  Eocene  of  England  (London  Clay  of  Sheppey)  we 
have  Owen's  Daaomis  londtniensis. 

The  following  summary  of  the  class  Ayks  gives  the  leading 
characters  by  which  the  four  great  Orders  are  distinguished. 

Order  I.  SAURU&iB  (Lizard-tailed  Birds). 

a.  The  metacarpals  not  anchylosed  together,  the  tail  longer  than  the  hody, 
jaws  furnished  with  teeth.     Three  free  digits  in  the  manns,  all  with 
claws ;  Tertehrs  biconcave. 
Abchjeoptbryoida.    £x.  Areh€dopter$fJtf  Owen. 

Order  II.  Odontobmitues  (Toothed  Birds). 

Sub-order  1.  Odmiolca.    No  wings;    teeth  in  grooves;    sternum  flat.    Ex. 

BesperomiSf  Marsh. 
Sub-order  2.  OdontotormjB.    Possessing  powerful  winp;    sternum  keeled; 

teeth  in  distinct  sockets  ;  vertebrs  biconcave.    £x.  lehthyornU,  Marsh. 

Order  III.  Ratitjb  (Baft-breasted  Birds). 
A.  Sternum  devoid  of  a  keel. 

a.  The  wing  with  a  rudimentary  or  a  very  short  humerus,  and  with  not  more 

than  one  ungual  phalange. 

b.  The  hallux  present. 

1.  Apts&yoid^.    Ex.  Apteryx^  4  species ;  Eryihromachut  (1  sp.). 

a.  Wings  absent  or  rudimentary. 

b.  No  hallux  present.* 

2.  DiNORNiTHiDJE.     Ex.  Vinomit^  7  sp.  ;  MionomiSy  2  sp. 

a.  The  hallux  present. 

3.  Palaptbryoidjb.     Ex.  Falapteryx,  2  sp. ;  Euryapteryx^  2  sp. 

(Eocene,  England)  JJasornity  1  sp. ;  (Madagascar)  ^pyornit^  3  sp. 

a.  Skull  surmounted  by  a  bony  crest  or  helmet. 

b.  No  hallux. 

9,  Neck  bare.     Casuariut, 

4.  CAbUARiiD^.    **  Cassowary,"  9  sp. 

a.  Neck  feathered. 
6.  DbomjEIDjb.    DronueuSf  the  Emeu,  2  sp. 

a.  The  win^  with  a  long  humerus  and  with  two  ungual  phalanges. 

b.  The  ischia  uniting  immediately  beneath  the  sacrum ;  the  pubes  firee. 

6.  Rhjeidm.    HhaOf  *<  American  Ostrich,'*  3  species. 

a.  The  ischia  free  and  the  pubes  uniting  in  a  ventral  symphysis. 

7.  Struthionidjs.     StruthtOj  1  sp.  ?  African  Ostrich. 

Diatryma  giganUa  (Cope),    i^'ossil  Eocene,  New  Mexico. 

Order  lY.  Carinata.  Birds  ha\'ing  their  ttemum  provided  with  a  leul:  comprising 
some  10$  families  and  about  8700  s^ies,  embracing  all  modem  birds, 
save  the  Ratita^  and  some  fossil  species.  Of  these  about  5000  do  not 
exceed  the  size  of  a  sparrow. 

The  subjoined  list  will  serve  as  a  rough  summary  of  the  appear- 
ance in  time  of  the  Class  Ayes. 

Appearancb  in  Tim  op  Birds. 

Triassic  formation,  Bird-like  Bipedal  tracks  or  Foot-prints. 

Jurassic  formation  (Solenhofen  Limestone),  Archaopteryx  maerura^  Owen. 

Cretaceous  formation  (Wealden),  "  Faiisor/tie  Clifiii,**  Mantell. 

(Lr.  Greensand,  Cambridge),  Felagomia  Barrettii, 
M .  Crbtaobous  (N.  America),  Apatornie   celery    Marsh. 

„  Western  Kansas,  Baptomie  advenue       „ 

,,  „  Htsperomie  regalie      ,, 

1  This  character  fails  us  here,  for  Dinomis  seems  to  haye  posseaeed  a  hind-toe. 
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M.  C&BTACB0U8,   W.  Kansas,   Metperomii  erauifm 
it  V  >t        ffraeilU 

N.W.  Kuisas,   lehthyomi*  dispar 


Western  Kansas 

Texas,  U.S.A. 
Kansas 
N.W.  Kansas 
Western  Kansas 


offilis 

tmetpi 

Imtui 

tetter 

valiiue 

victor 


U.  C&BTA0BOU8,  New  Jersey,  U.S.A.,  Laomie  Edvardeimtut,  Marsh, 
»»  „  „        FaUeotringa  littoraHe  „ 

tt  „  »,  Telmatomie  priteut  „ 

><  »  »  »  ^^i»  „ 

»  >,  ,,  Oraeulavue  velox  „ 

»>  >>  >»  »        pumilui  „ 


EOCBMB. 


HlOOENB. 


Newbb  Miocbkb. 

MiOOBNB. 
MiOCBNB. 

Post- Pliocene. 
Do. 
Do. 
Do. 
Do. 


Meudon,  Paris,  Oaetomie  paritienne, 
Belgium,  Oantomie  JSdwardeii,  Dollo. 
Sheppey,  Lithomie  vulturinutf  Owen. 
(Lonaon    Clay),   Argillomie    longipetmU^    Owen ;     Daeornit 

londinitnsis,    Owen ;     Odmtopteryx    toliapieus,     Owen ; 

Bakyon  ;  Zarida  (sp.),  GnllsF  ArdeideB^  Herons  ? 
Hempstead  (Freshwater  marls),  Isle  of  Wight,  lienomie. 
Horawell,  MaeromU  (Seeley). 
Glaros  (Plattenberg),  Protomie  {Osteomie). 
Paris    Basin,  Agnoptenu  (Flamingo  P),  ext.  ;     Cormeranue  ; 

Cotumis  (2  q>.)  ;    FaUo  ;    Oypaomie  {Rallidee  P),  ext. ; 

LeptOMmue;  Limosa]  FalaoeireuSf  ext.;  FaUeortyXf  ext.; 

Felidna;  Rallue;  Sitta;  Tringa? 
Aix,  Provence,  Fossil  £^  and  Feathers. 
Lacustrine  deposits,  Armissan,  in  Lan^uedoc,  Tttrtn, 
Apt,  Provence,  Biid  remains  indetermined. 
Marls  of  Bonzon,  Auvergne.    Various  Bird  remains. 
Swabian  Alps  (Fraas).  Ditto. 

N.  America,  Wyoming  (0.  C.  Marsh),  5  species  of  Birds. 
New  Mexico,  U.  States  Territory,  Diatryma  gigantea.  Cope. 

France-Bourbonnais   and   AuTergne  (remains  of   nearly   50 

species  of  birds). 
Mentz,  many  identical  forms. 
Berne,  Freshwater  deposits. 
Provence  and  Languedoc. 
(Bone-beds)  Sansan  in  Gascony. 
Greece,  Pikermi,  Attica. 

Siwalik  Hills,  India.     Struthio^  sp. 
Steinheim,  Bavaria,  8  sp.  of  birds. 

Anas  and  Feieeanu*. 
N.  America.    All  of  them  existing  species. 
New  Zealand,  DinomiSf  Faiapteryx. 
Madagascar,  ^pyornia  (3  species). 
Mascarene  Islands,  Srythromachut,  etc. 
Brazil  (Bone-caves),  jBAai,  sp. 
Australia  (Caves),  Ih-omaomts,  Dromaui. 


Argala.    ?  Cormorant. 
Idief  ArdeOf  FaUeloehetj 


The  labours  of  many  Naturalists  combined,  of  whom  the  names  of 
Sclater,  Wallace,  Newton,  and  some  others  should  be  specially  men- 
tioned, have  enabled  us  to  map  out  the  world  into  six  great  Natural- 
History  Hegions,  to  which,  strange  to  say,  fiying  birds,  with  few 
exceptions,  readily  correspond  in  their  geographical  distribution. 
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These  Regions  embrace : — 

I.  The  Paljbargtio,  consisting  of  Europe  and  Asia,  with  Africa, 
down  to  the  tropic  of  Cancer,  also  Northern  Arabia,  Persia,  Tibet, 
and  China.  In  North  Africa,  Arabia,  and  Persia  there  is  evidence  of 
the  Ostrich  in  modern  and  ancient  times,  although  no  doubt  it  is 
rarer  now.     We  have  also  a  fossil  Ostrich  Dromomis  (Sheppey). 

II.  The  Ethiopian  Begion,  embracing  all  Africa  and  Arabia  south 
of  the  tropic  of  Cancer  and  Madagascar  with  its  adjacent  islands. 
We  have  here  the  living  Ostrich,  and  in  Madagascar  three  if  not  four 
well-marked  species  of  extinct  Struthious  Birds  called  jEpyomis, 
occurring  in  the  newer  Tertiary  sand-drift  deposits  of  this  island. 

III.  The  Indian  Begion,  and  the  whole  of  Siam,  with  Borneo, 
Sumatra,  the  Philippines,  etc.,  having  one  fossil  Ostrich  in  the 
Sewalik  Hills.  There  is  also  historic  evidence  of  the  former  wider 
range  of  this  Bird,  from  Persia  into  India  itself. 

IV.  The  AusTBALiAN  Begion,  comprising  New  Guinea,  Celebes, 
Australia,  Tasmania,  New  Zealand,  etc. 

This  province  in  living  and  extinct  forms  of  Struthious  Birds  is  the 
richest  in  the  world.     It  possesses 

9  species  of  Cassowary  (Coiuariut),^ 


£mea  {Brotnams).         >  (liying). 
4         „        Apleryx  or  **  KiwL*'    ) 
14         ,,        DinomiB^  PalapUryx,  VroMomit^  etc.  (all  extinct). 

Y.  The  Nkabotio  Begion  embraces  the  great  Continent  of  North 
America  down  to  Mexico.  It  has  no  living  Struthious  Bird;  but 
Prof.  Cope  has  discovered  in  strata  of  Eocene  age  in  New  Mexico, 
a  wingless  Bird  twice  the  size  of  the  living  Ostrich,  named  by  him 
Diatryma  gigantea, 

YI.  The  Neotropical  Begion  embraces  Central  and  South  America, 
and  the  West  Indies :  a  region  most  rich  in  species  of  modern  birds, 
and  having  three  species  of  Struthiones,  and  one  extinct  form  from 
the  Caves  of  Brazil. 

Power  of  Flight. — Nearly  all  living  birds,  as  is  very  well  known, 
possess  the  power  of  flight  and  have  carinate  breast-bones,  to  give 
attachment  to  the  great  pectoral  muscles,  without  which  the  wings 
would  be  unable  to  beat  the  air  in  the  rapid  flight  of  the  bird,  and  so 
sustain  it  above  the  earth. 

But  if  a  Carinate  Bird  is  placed  upon  an  island  and  has  no 
enemies,  and  has  habitually  to  seek  its  food  upon  the  ground,  the 
bird  in  time  ceases  to  fly  at  all,  and  loses  the  carinated  character  of 
its  sternum.^ 

This  has  happened  in  Sirigops  (one  of  the  Psittacidcs),  New  Zea- 
land; in  the  Dodo  (Didinte),  Mauritius;  the  ** Solitaire**  (Pezophus 
soUtarius),  Bodriguez ;   the  Aphanapteryx  (a  Bail),  Mauritius  ;   the 

^  In  the  case  of  Diduneulusy  in  the  Island  of  Samoa,  this  little  didine  bird  had 
carelessly  taken  to  huilding  its  nest  on  the  ground,  but  since  the  introduction  of  pigs 
and  other  animals,  it  has  made  an  effort  to  sa?e  itself,  and  it  now  builds  its  nest 
higher  up  in  the  trees,  and  it  may  possibly  surrive  adverse  circumstances  if  man  does 
not  intervene.  Strigops  seems,  on  the  contrary,  doomed  to  extermination,  building 
on  or  near  the  ground,  and  making  no  effort  to  ny  or  protect  itself  from  its  destroyers. 
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Cnemiomis  (a  gigantio  goose),  New  Zealand  ;  the  Aptomis  (a  Hail), 
New  Zealand  ;  the  Notomts  (a  Rail),  New  Zealand. 

Again,  a  hird  may  have  wings  quite  useless  for  the  purpose  of 
fight,  and  yet  capable  of  being  used  for  some  other  purpose,  and  so 
may  develope  a  large  keel  on  the  sternum.  For  example,  the  Great 
Auk  and  the  Penguin,  although  incapable  of  flight,  use  their  rudi- 
mentary wings  most  vigorously  when  swimming  in  pursuit  of  flsh, 
and  have  a  very  large  keeled  breast- bone. ^ 

The  Heaperomis  had  a  perfectly  flat  sternum,  wholly  destitute  of 
a  keel,  so  that,  even  if  it  had  a  rudimentary  wing,  it  was  without 
any  function,  having  no  muscles  to  move  it. 

Whatever  view  we  may  adopt  as  to  the  origin  of  the  Batita,  it  is 
an  undoubted  fact  that  they  occur,  either  recent  or  fossil,  in  each  of 
the  great  regions  of  the  globe. 

This  group  must  therefore  be  considered  to  be  as  old,  if  not 
probably  more  ancient  than  the  CarinaUs  among  the  Avian  Class. 

For  unless  we  adopt  the  hypothesis  of  a  separate  origin  for  each 
family  of  the  Raft-breasted  Birds,  we  must  admit  that  their  inability 
either  to  fly  or  to  swim,  renders  their  distribution  by  land,  as  in- 
dispensable as  in  the  case  of  the  Mammalia :  whereas  those  birds 
possessed  of  the  power  of  flight  may  have  crossed  over  a  portion  of 
old  land,  on  the  wing,  after  that  land  had  become  submerged,  and  so 
have  peopled  separate  islands  and  continents. 

Indeed  Wallace  so  explains  the  habit  of  those  migratory  birds 
that  twice  annually  cross  the  Channel,  and  also  the  Mediterranean 
Sea,  by  the  theory  that  they  are  a  part  of  a  group  of  birds  belonging 
to  a  much  larger  ancient  land-surface  (now  no  longer  continuous), 
over  which  these  birds  moved  with  the  seasons  in  search  of  food, 
from  south  to  north,  or  from  east  to  west,  and  vice-versa,  and  that 
their  modem  representatives  simply  follow  the  old  road,  although 
a  part  of  that  road  is  now  under  water. 

But  we  must  admit  that  the  Carinata  may  justly  claim  for 
their  remote  ancestor  the  most  ancient  fossil  bird  we  know  at  present, 
viz.  the  Archaopteryx  from  the  Lithographic  Stone  of  Solenhofen 
in  Bavaria,  a  stratum  of  Upper  Jurassic  age.  For  although  an 
aberrant  form  of  bird,  it  possessed  the  foot  of  a  true  passerine  bird, 
and  enjoyed,  in  a  small  degree  at  least,  the  power  of  flight ;  whereas 
for  the  Ratita  we  have  no  more  remote  ancestor  than  Owen's 
Eocene  Dasomis  londiniensis,  or  Cope's  Diatryma  gigantea  from  the 
Eocene  of  New  Mexico. 

It  seems  probable,  however,  that  some  of  the  footprints  on  the 
American  Triassic  Sandstones  may  have  been  produced  by  Struthious 
birds,  and  Cope's  discovery  of  JDiatryma  gigantea  in  the  Eocene  of 
New  Mexico  may  be  followed  by  the  unearthing  of  more  ancient 
evidence  of  RATiTiB  in  North  America. 

That  the  immediate  predecessors  to  Birds  were  Dinosauria  seems 
highly  probable,  and  this  view  has  been  adopted  by  Professors 
Huxley,  O.  C.  Marsh,  and  many  othei'  comparative  anatomists. 

^  The  Guillemot  may  be  seen  at  the  Zoological  Gardenfl  using  its  wings  when 
swimming  in  pursuit  of  fish. 
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Professor  Marsh,  writing  upon  Archaopieryx  in  the  G*oL.  Mao., 
1881,  says: — "The  nearest  approach  to  Birds  now  known  would 
seem  to  be  in  the  very  small  Dinosaurs  from  the  American  Jurassic. 
In  some  of  these  the  separate  bones  of  the  skeleton  cannot  be  distin- 
guished with  certainty  from  those  of  Jurassic  Birds,  if  the  skull  is 
wanting,  and  even  in  this  part  the  resemblance  is  striking.  Some 
of  these  diminutive  Dinosaurs  were  perhaps  arboreal  in  habit,  and 
the  difference  between  them  and  the  birds  that  lived  with  them  may 
have  been  at  first  mainly  one  of  feathei-s. 

It  is  an  interesting  &ct  that  all  the  Jurassic  birds  known,  both 
from  Europe  and  America,  are  land  birds,  while  all  from  the  Cre- 
taceous are  aquatic  forms.  The  four  oldest  known  birds,  moreover, 
differ  more  widely  from  each  other  than  do  any  two  recent  birds. 
These  facts  show  that  we  may  hope  for  most  important  discoveries 
in  the  future,  especially  from  the  Triassic,  which  has  as  yet  furnished 
no  authentic  trace  of  birds.  For  the  primitive  forms  of  this  class  we 
must  evidently  look  to  the  Palaeozoic  rocks."  (0.  C.  Marsh  upon 
'•  Jurassic  Birds  and  their  Allies,"  Gkol.  Mao.  1881,  pp.  486-487.) 


vii. — woodwabdian  mussum  notbs. 

On  a  Peouliak  Fobm  op  Hippopotamus  majob^  found  at 

Barrinoton. 

By  Philip  Lakb,  Esq.,  St.  John's  College,  Cambridge. 

IN  the  gravel  at  Barrington,  about  seven  miles  S.S.W.  of  Cam- 
bridge, numerous  remains  of  Hippopotamus  have  been  found, 
associated  with  Hhinoceros,  Bison,  Cervus,  etc.  A  description  of  this 
gravel  and  its  included  fossils  has  been  given  by  Mr.  Fisher.*  But 
since  Mr.  Fisher's  paper  was  written,  the  number  of  bones  and  teeth 
found  has  been  very  largely  increased.  Most  of  these  remains  have 
been  deposited  in  the  Woodwardian  Museum,  Cambridge. 

Among  the  Hippopotamus  bones  were  six  more  or  less  perfect 
lower  jaws.  Five  of  these  were  typical  specimens  of  H  major ;  but 
the  sixth  differs  in  character  from  the  rest  in  several  points,  so 
much  so  in  fact,  that  with  a  less  perfect  series  of  remains,  it  would 
perhaps  have  been  described  as  a  different  species. 

The  jaw  in  question  is  tolerably  perfect.  The  front  part  is  com- 
plete; and  the  whole  of  the  right  ramus  is  present  except  the 
posterior  lower  portion.  The  condyle  of  this  side,  and  also  the 
anterior  part  of  the  crochet,  are  preserved.  Only  the  front  half  of  the 
left  ramus  of  the  jaw,  as  far  as  the  first  true  molar,  is  complete ; 
but  we  have  also  the  condyle  of  this  side,  though  the  intermediate 
parts  are  missing.  The  incisors  and  canines  are  all  present.  On 
the  right  side  the  teeth  left  are  the  last  premolar  and  the  last  two 
molars  ;  on  the  left  side,  the  last  premolar  and  the  first  molar. 

The  chief  points  in  which  this  jaw  differs  from  an  ordinary  jaw 
of  H,  major  are  the  very  small  size  of  the  canines  and  incisors ;  the 
extent  of  the  contraction  and  the  small  depth  behind  these ;  and  the 
generally  more  feeble  character  of  the  jaw. 

1  Quart  Joum.  Geol.  Soc  1879,  yoL  xzxt.  p.  670. 
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The  molars  are  well  worn,  except  the  last,  which,  however,  is 
worn  to  some  extent  at  all  its  cusps.  Hence  the  animal  must  have 
been  mature,  though  probably  it  had  only  just  reached  that  age. 

In  order  to  show  the  pointe  of  difference  and  resemblance  arrived 
at  by  a  comparison  of  this  jaw  with  that  of  an  unmistakable  H.  major, 
I  have  drawn  up  the  following  table  of  measurements.  The  first 
column  of  figures  gives  the  measurements  taken  from  the  jaw  in 
question ;  the  second,  those  taken  from  a  typical  jaw  of  S,  major, 
of  the  same  length,  in  the  Woodwardian  Museum. 

I  The  new  jaw.    Jaw  ot  ff.  major. 


I^ength— Condyle  to  canine    

Breath — Canine  to  canine     

Width  at  top  just  in  front  of  the  last  premolar 
Width  at  the  widest  part  of  the  jaw  just  below 

this  point  . . .  .• 

Depth  of  jaw  at  the  last  molar 

Depth  of  law  in  front  of  last  premolar 

Length  of  the  part  of  the  canine  out  of  the  socket 

(measured  along  the  convex  side)   

Length  of  the  part  of  the  middle  incisors  out  of 

the  socket 


ft.  in. 

1  9 

1  4 

0  5 

0  9i« 

0  bl 

0  6i 

0  4i 


3J 


ft.  in. 

1  9 

1  6 

0  6 

0  lOi 

0 

0 


n 


8t 


*  Part  of  the  left  side  of  the  jaw  beine  missing  here,  about  half  an  inch  has  been 
added  to  brin^  the  width  to  what  it  actutOly  would  be  if  the  specimen  were  perfect, 
t  This  is  the  observed  length,  but  fully  an  inch  is  missing. 

The  outer  incisors  of  the  jaw  are  perfect  and  project  only  an 
inch,  or  even  less,  out  of  their  sockets ;  but  those  in  the  typical  jaw 
with  which  I  have  compared  them  are  broken  off.  They  are,  how- 
ever, much  thicker  than  in  the  new  jaw. 

The  molar  teeth  are  exactly  like  those  of  If,  major.  Among  the 
canines  found  separately  at  Barrington,  there  are  small  ones  like 
those  belonging  to  the  new  jaw,  and  larger  ones  belonging  to 
II,  major.  But  there  is  no  passage  between  these  two  kinds. 
Among  all  the  other  remains  there  is  no  evidence  of  there  being  two 
kinds  of  Hippopotamus  here. 

In  discussing  the  nature  of  this  jaw,  it  may  be  assumed  that  it  is 
(1)  a  new  species,  (2)  an  immature  H.  major,  or  (3)  a  femsde  of 
H,  major. 

It  can  scarcely  be  considered  to  be  a  new  species,  for  the  only 
difference  from  H,  major  is  the  size  of  the  canines  and  incisors  and 
the  natural  accompaniment  of  diminished  weight  and  strength  of 
the  jaw  and  of  the  canine  sockets.  There  are  enough  of  the  other 
remains  to  assume  that  if  there  were  any  other  difference,  we  should 
be  able  to  detect  it.  It  is  not  likely  that  the  remains  of  this  kind 
of  Hippopotamus  should  be  restricted  to  canines  and  incisors,  while 
we  get  so  many  other  parts  of  K  major. 

Again,  the  jaw  does  not  seem  to  be  immature.  The  dentition  is 
adult,  the  last  molar  having  completely  risen  from  its  alveolus,  and 
being  worn  down  to  some  extent.  Moreover,  among  the  other  re- 
mains, there  is  no  passage  between  the  two  kinds  of  canines; 
Finally,  the  jaw  is  as  long  as  that  of  a  full-grown  H,  major. 
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In  Parkinson's  "  Organic  Bemains  "  ^  there  is  described  a  peculiar 
Hippopotamus  tusk,  small  and  rounded,  which  he  is  inclined  to 
refer  to  H,  minor.  But  Sir  Hichard  Owen'  considers  it  to  be  simply 
the  tusk  of  a  young  H,  major ;  and  states  that  these  characters  are 
found  in  the  tusks  of  young  animals  of  H,  amphthtus.  But  the  tusks 
of  the  jaw  under  examination  are  not  in  the  least  rounded,  and  their 
section  is  just  like  that  of  an  ordinary  adult  tusk,  and  they  are 
grooved  in  the  same  way. 

Assuming  it  then  as  proved,  that  this  jaw  is  a  jaw  of  JJ.  major, 
and  is  not  an  immature  one,  it  seems  probable  that  it  belongs  to  the 
female  of  H,  major.  It  is  common  enough  among  the  Omnivora,  to 
which  Etppopotamus  belongs,  to  find  the  tusks  much  more  strongly 
developed  in  the  male  than  in  the  female.  It  is  true  that  the 
travellers '  who  have  had  the  best  opportunities  of  studying  Hippo- 
potamm  nmphibiua  in  its  native  state,  do  not  notice  any  very  marked 
difference  in  the  size  of  the  tusks  of  the  two  sexes  (except  so  far  as 
old  males  are  concerned,  these  having  enormous  tusks).  But  there 
is  nothing  unlikely  in  supposing  that,  in  the  case  of  H.  major,  the 
female  might  have  much  smaller  tusks  than  the  male ;  and  this  is 
what  the  other  evidence  seems  to  point  to. 

Note. — Mr.  R  Lydekker,  B.A.,  F.G.S.,  concurs  in  the  author's 
suggestion,  that  the  relative  differences  in  the  dentition  and  form 
of  the  jaws  in  the  Banington  Hippopotami  are  really  only  sexual,  and 
it  is  therefore  unnecessary  to  figure  these  remains,  seeing  that  they 
are,  in  common  with  other  Pleistocene  examples,  met  with  in  this 
country,  without  reasonable  doubt,  referable  to  the  living  species  of 
Hippopotamus,  as  long  since  pointed  out  by  Prof.  Boyd  Dawkins, 
M.A.,  F.R.S.  (see  his  Introduction  to  the  Fossil  Mammalia,  PaL  Soa 
Mon.  1866).— Edit.  Geol.  Mao. 


E.  E  "V  I  E  ^W  S. 


I. — ^Denudation  of  the  Two  Americas.  By  T.  Mellard  Beade, 
C.E.,  F.G.S.,  etc.  [Presidential  Address  to  the  Liverpool 
Geological  Society,  Session  1884-5.] 

TN  1876  Mr.  Mellard  Reade  delivered  an  address  before  the  Liver- 
pool Geological  Society  on  the  subject  of  "  Geological  Time." 
He  then  introduced  some  calculations  relating  to  Chemical  Denuda- 
tion, and  concluded  that,  on  an  average,  143  J  tons  of  mineral  matter 
are  annually  removed  in  solution  from  each  square  mile  of  the 
surface  of  England  and  Wales.  From  the  Danube  basin  he  estimated 
the  annual  loss  by  chemical  denudation  to  be  90  tons  per  square 
mile.  Extending  his  calculations  now  to  the  larger  rivers  of 
America,  he  concludes  that  from  the  drainage  area  of  the  Mississippi, 
120  tons  of  solids  in  solution  are  removed  from  each  square  mile  of 
surface  per  annum.     It  has  been  estimated  that  the  basin  of  this 

*  "  Organic  Remains,''  vol.  iii.  p.  376. 

*  **  British  Fossil  Mammals  and  Birds,''  p.  403. 
'  e.g,  Anderson,  **Lake  Ngami,"  p.  511. 


Digitized  by 


Google 


Revieica — ^jB.  Lydekker^s  Catalogue  of  Fossil  Mammalia.      321 

American  river  is  lowered  at  the  rate  of  about  one  foot  in  6000 
years,  but  Mr.  Beade  observes  that  this  rate  has  been  calculated  from 
the  removal  of  sediment  alone ;  and  if  we  add  to  the  matter  removed 
mechanically  that  in  solution,  it  will  raise  the  rate  to  one  foot  in 
4500  years.  Of  course  much  denudation  is  subterranean,  and 
especially  chemical  denudation,  but  no  doubt  such  losses  lead 
eventually  to  a  lowering  of  the  ground  by  subsidence  of  material 
into  fissures  and  cavities. 

It  is  interesting  to  learn  from  the  analysis  of  the  Mississippi  water 
that  more  than  23  millions  of  tons  of  silica  are  poured  into  the  sea 
annually  by  this  river,  apart  from  sedimentary  detritus. 

Mr.  Keade  gives  some  particulars  of  the  chemical  constituents  of 
the  River  Plate,  but  the  amount  of  solid  matter  carried  away  in 
suspension  by  that  river  is  not  known.  Particulars  relating  to  the 
river  St  Lawrence  and  the  Amazons  are  also  given. 

With  regard  to  the  dispersion  of  river-sediments  over  the  ocean 
bottom,  Mr.  Beade  observes  that  while  an  admixture  of  sea- water 
with  turbid  freshwater  tends  to  hasten  the  precipitation  of  the  solid 
matters,  yet  it  is  very  probable  that  the  extremely  divided  solid 
matter  will  be  carried  far  and  wide  by  oceanic  currents  before  it  can 
settle  to  the  bottom.  Hence,  he  thinks,  much  of  the  argillaceous 
matter  or  **  Red  Clay  "  is  more  likely  to  be  the  "  dust  of  continents  " 
than  volcanic  debris,  although  no  doubt  volcanic  materials  are 
largely  commingled  with  it;  and  he  objects  to  the  view  that  the 
Red  Clays  furnish  in  any  way  a  proof  of  the  permanence  of  oceanic 
areas.  Much  of  the  mineral  matter  carried  to  sea  in  solution  is  used 
up  by  pelagic  animals,  and  thus  eventually  finds  its  way  to  the 
ooean-bottom ;  and  had  nature  no  means  of  redistributing  these 
oceanic  deposits  by  upheaval  into  land,  the  constitution  of  the  rocks- 
of  the  globe  would  be  undergoing  a  gradual  alteration. 

II. — Catalogue  of  thb  Fossil  Mammalia  in  thr  British  Muskum 
(Natural  History).  Part  I.  Containing  the  Orders  Primates, 
Cheiroptera,  Insectivora,  Camivora,  and  Rodentia.  By  Richard 
Lydekker,  B.A.,  F.Q.S.,  etc.  8vo.  pp.  xxx.  and  268.  Illus- 
trated by  33  Woodcuts.  (London:  Printed  for  the  Trustees, 
1886.) 

IN  the  first  half  of  the  present  century,  when  the  interest  attaching 
to  Fossil  remains  was  mainly  concentrated  in  the  determination 
of  their  geological  locality  and  exact  stratigraphical  position,  but 
few  naturalists  at  that  time  sought  to  correlate  living  animals  and 
plants  with  the  long  line  of  ancestral  forms  whose  remains  occur 
in  the  various  stratified  rocks  beneath  our  feet 

Thanks,  however,  to  our  great  master,  Lyell,  geologists  have  been 
taught  to  recognize  the  fact,  that  the  same  agents  which  are  in 
action  to-day.  Bain,  Bivers  and  Sea,  Frost  and  Snow,  Cold  and  Heat, 
have  been  in  operation  ever  since  dry  land  appeared  above  the 
surface  of  the  waters,  and  that  instead  of  invoking  one  cataclysm 
after  another,  it  was  more  reasonable  to  conceive  an  ever-recurring 
cycle  of  geological  events,  slowly  succeeding  each  other,  yet  surely 
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modifying  the  old  land-surfaces  and  marine  areas  of  our  globe,  by 
those  gradual  processes  of  elevation  and  subsidence,  of  denudation 
and  deposition,  such  as  we  may  observe  to  be  taking  place  to-day. 
This  law  of  Continuity  in  the  physical  events  and  changes  on  our 
globe,  as  demonstrated  by  Lyell,  was  with  equal  force  and  accuracy 
applied  by  our  other  great  teacher,  Charles  Darwin,  to  the  history 
of  organic  life  upon  the  earth.  Thus,  instead  of  a  series  of 
separate  creations  and  destructions  of  life,  as  taught  by  the 
earlier  geologists,  we  have  been  led  by  the  wider  views  of  Forbes, 
Darwin,  Wallace,  and  other  naturalists,  to  reoognize  the  great  and 
fundamental  fact,  that  there  never  has  been  a  period  of  total  ex- 
tinction of  life  since  its  first  dawn  on  our  planet,  and  that  the  forms 
which  we  see  around  us  are  all  derived  by  descent  with  modification 
from  others  more  or  less  ancient,  which  existed  ages  before  man's 
advent. 

Thus,  instead  of  a  broken  and  disjointed  history,  our  earth, 
whether  viewed  in  its  physical  or  biological  aspect,  presents  a  con- 
tinuity of  existence,  which  adds  new  interest  to  the  study  of  its 
geological  formations  and  its  palseontological  relics,  since  we  are 
ever  in  search  now  of  evidence  of  ancestral  forms  which  may  prove 
more  or  less  closely  related  to  those  which  we  see  actually  living  at 
the  present  day. 

The  publication  of  Part  I.  of  Mr.  Lydekker's  Catalogue  of  the 
Fossil  Mammalia  in  the  British  Museum  (Natural  History)  forms 
the  first  instalment  of  a  most  valuable  work  prepared  under  what 
may  very  well  be  described  as  the  new  regime,  in  which  every 
fossil  form  has  been  carefully  compared  with  its  allied  existing 
species,  and,  wherever  possible,  referred  to  its  living  representative. 
By  adopting  this  more  sound  and  philosophical  method,  most  im- 
portant and  valuable  points,  having  reference  to  the  first  appearance 
in  time,  and  also  the  former  geographical  limits  of  existing  species, 
are  brought  out  in  a  most  interesting  and  instructive  manner,  and 
the  former  connection  of  old  land-surfaces,  now  severed,  is  attested. 

The  Catalogue  commences  with  the  order  Peimatks,  sub-order 
Anthropoidea.  Under  this  division  we  have  evidence  of  eight 
genera  and  eleven  species  of  Monkeys ;  two  only  of  which,  from 
Brazil,  are  identified  with  existing  species.  Tliey  include  the 
celebrated  tooth  of  Macacus  pliocenus  desciibed  by  Sir  Eichard 
Owen*  from  the  Pleistocene  Brickearth  of  Grays,  Essex.  The 
others  are  European  or  Indian  forms.  The  Lemurs,  now  confined 
to  Madagascar,  are  represented  in  the  Collection  by  three  Eocene 
species  from  France  and  S.  Europe. 

The  fossil  Bats  (Cheiroptera)  form  a  very  limited  group  in  the 
Collection.  That  found  in  England  being  the  "horse-shoe  Bat" 
(Bhinolophus  ferrum-equiuum),  and  four  other  species  from  France 
and  Germany.  Of  the  Insectivora  nine  species  are  recorded  fossil, 
including  the  common  Mole,  and  two  other  species  from  France; 
and  the  "  Desman/'  or  MyogcUe  from  the  Norfolk  Forest  Bed ;  the 
Shrew  and  the  Hedgehog.  The  Carnivora  occupy  by  far  the 
^  British  Fossil  Mammals,  p.  xlvi  (1816). 
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larger  space  in  the  Catalogue  (189  pages),  and  are  represented  in 
the  Collection  by  50  genera  and  156  species.  Of  the  50  genera 
mot  with,  the  following  living  forms  are  represented  by  their  fossil 
remains  in  the  Collection,  namely : — the  Lion,  Lynx,  Ocelot,  Jaguar, 
Leopard,  Felis  oaffra,  and  Wild-Cat ;  the  Hyasna,  Wolf,  Fox,  Dog, 
Walrus,  Seal,  Otter,  Badger,  Glutton,  Ermine,  Polecat,  Marten, 
Brown  Bear,  Grizzly  Bear.  The  other  genera  are  extinct,  having 
no  modern  representative,  such  as,  HycBnodon,  Pterodon,  MachcBrodua, 
CynodictxB,  Amphtcyon,  Simoeyon,  and  many  others. 

If  we  except  the  bones  of  Bears  and  Hysenas,  which  occur  in 
considerable  abundance  in  caves  in  this  country,  and  also  in  France 
and  Germany,  the  remains  of  Camivora  are  by  no  means  common  in 
a  fossil  state,  when  compared  with  those  of  the  Herbivora.  The 
explanation  of  this  circumstance  is  to  be  found  in  the  difference  of 
habit ;  for  whereas  the  Herbivora  would  be  resting  at  night,  and  in 
consequence  much  more  liable  to  be  overtaken  unawares  by  a  sudden 
"freshet,"  or  other  catastrophe,  the  Camivora,  being  mostly  noc- 
turnal in  their  habits,  would  become  aware  much  sooner  of  any 
danger  threatening  their  safety,  and  so  seek  refuge  in  time.  Of  the 
earlier  deposits  in  which  remains  of  the  Mammalia  have  been  met 
with,  one  of  the  most  rich  is  that  of  the  (Eocene)  Phosphorite 
deposits  of  Quercy,  Caylux,  eta,  in  Central  France,  from  which 
large  numbers  of  most  interesting  forms  have  been  procured.  These 
phosphorites  are  met  with  as  fissure  deposits,  and  probably  occupy 
hollows  which  once  served  as  water-courses,  into  which  ancient 
streams  found  their  way  by  subterranean  channels  in  Tertiary  times, 
like  those  of  Carinthia  and  Kentucky  at  the  present  day. 

But  the  strata  from  which  the  largest  number  of  specimens  in  the 
collection  have  been  obtained  are  the  Upper  Miocene  beds  of  the 
Siwalik  Hills  in  India,  most  of  the  specimens  from  which  were 
collected  by  the  late  Sir  Proby  T.  Cautley,  K.C.B.,  and  partly 
described  by  the  late  Dr.  Hugh  Falconer,  F.R.S.  The  Camivora 
necessarily,  however,  form  but  a  small  proportion  of  this  magnificent 
collection. 

The  RoDBNTiA  occupy  the  remaining  6B  pages  of  Mr.  Lydekker's 
Catalogue,  and  comprise  the  Squirrels ;  Beavers ;  Dormice ;  the  true 
Mice  and  Rats ;  Field-mice ;  the  Viscacha  {Lagoatomm) ;  the  Porcu- 
pine ;  the  **  Paca  "  (Cahgenys)  ;  the  Capybara ;  the  common  Rabbit 
and  the  Hare,  et<;.  In  this  division  the  most  interesting  British  forms 
are  the  common  Beaver  once  abundant  in  this  country,  even  close  to 
London,  in  the  valley  of  the  Lea  at  Walthamstow ;  and  its  great 
extinct  ancestor  the  Trogontherium  Cuvieri  of  the  Norfolk  Forest 
Bed. 

The  tailless  Hare  or  "Pika"  (Lagomys)  ;  the  "Marmot"  {Sper- 
mophilm) ;  and  the  Lemming  {Lemmus)  are  among  the  most  in- 
teresting of  the  lesser  Rodents ;  indicating  as  they  do  more  Arctic 
conditions  of  climate,  and  also  attesting  the  former  connection  exist- 
ing between  England  and  the  Continent 

Mr.  Lydekker's  Catalogue  must  certainly  prove  of  great  value  to 
to  students  and  to  men  of  science  who  desire  to  work  at  the  collections 
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in  the  National  Museum,  and  although  it  merely  relates  to  the 
British  Museum  Collection,  yet  it  will  serve  as  a  very  good  hasis  for 
a  study  of  the  extinct  and  other  fossil  Mammalia  belonging  to  those 
groups  of  which  it  treats.  It  is  illustrated  by  thirty-three  woodcuts 
of  new  or  little-known  forms,  all  of  which  are  more  or  lees  fully 
described. 

Tlie  general  systematic  arrangement  followed  is  that  laid  down  by 
Prof.  Flower  in  his  Catalogue  of  Specimens  of  Vertebrated  Animals 
in  the  Museum  of  the  Boyal  College  of  Surgeons,  part  ii.  (1884). 

We  congratulate  Mr.  Lydekker  upon  the  successful  completion  of 
Part  I.  of  his  work  on  the  Fossil  Mammalia,  and  we  look  forward 
with  much  interest  to  the  continuation  of  his  work,  and  trust  that 
the  second  part,  comprising  the  Artiodactyle  Ungulates,  may  appear 
before  the  end  of  the  present  year. 


» 
I. — Royal  Sooikty  op  London. 

"On  Beds  of  Spongk-Rbmains  in  thb  Lower  and  Uppbb 
Greensand  op  the  South  op  England.*'  By  George  Jennings 
Hinds,  Ph.D.,  F.G.S.  Communicated  by  Henry  Woodward, 
LL.D.,  F.B.S.     (Received  April  29,  1885.) 

The  author  said : — I  have  pointed  out  in  this  paper  the  occurrence 
in  the  Lower  and  Upper  Greensand  strata  of  the  Wealden  area,  the 
Isle  of  Wight  and  the  south-western  counties,  of  beds  of  rock  formed 
to  a  large  extent  of  the  detached  spicular  remains  of  siliceous 
sponges,  and  thus  distinctly  of  organic  origin.  Their  true  characters 
have  not  been  generally  recognized,  and  they  have  usually  been 
described  as  deposits  of  sandstone,  chert,  malm,  hearthstone,  fire- 
stone,  etc.  In  the  Lower  Greensand  these  beds  are  mainly  de- 
veloped in  the  lower,  or  Hythe,  division,  and  they  are  exposed  at 
Haslemere,  Midhurst,  Petworth,  Godalming,  Tilfurston  Hill,  near 
Godstone,  Sevenoaks,  Maidstone,  and  at  Hythe.  The  sponge-beds 
vary  from  three-quarters  of  an  inch  to  three  feet  in  thickness; 
between  them,  as  a  rule,  there  are  intervening  beds  of  sand  or 
sandstone.  The  greatest  total  thickness  of  the  sponge-beds  exposed 
in  one  section  is  eleven  feet.  Sponge-beds  are  less  common  in  the 
higher  or  Folkestone  division  of  the  Lower  Greensand,  but  they  are 
numerous  at  Folkestone  itself,  and  reach  a  total  thickness  of  more 
than  eight  feet,  and  there  is  also  a  thin  bed  in  this  division  at 
Sevenoaks.  The  Lower  Greensand  strata  at  Fanngdon,  in  Berk- 
shire, is  of  an  altogether  different  character  to  those  of  the  same 
formation  in  the  area  treated  of  in  this  paper,  and  the  sponges 
which  abound  therein  are  likewise  entirely  different,  being  calci- 
sponges,  and  retaining  their  entire  forms. 

The  sponge-beds  in  the  Upper  Greensand  are  of  two  distinct 
types,  one  of  which  is  shown  on  the  northern  and  western  margin 
of  the  Weald,  and  the  other  in  the  Isle  of  Wight,  and  further  west- 
ward in  the  counties  of  Wilts,  Somerset,  Dorset^  and  Devon.     In 
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tbe  first-named  district  the  sponge-beds  are  of  a  soft  greyish- white 
siliceous,  or  silico-calcareous  rock,  known  under  the  names  of  malm, 
hearth,  or  firestone.  In  this  the  sponge-spicules  principally  occur 
in  the  negative  form  of  minute  empty  casts,  the  presence  of  which 
renders  the  rock  extremely  light  and  porous.  The  beds  can  be 
traced  nearly  continuously  along  the  northern  and  western  margin 
of  the  Wealden  area,  and  they  are  well  shown  at  Gk>dstone,  Mers- 
tham,  near  Reigate,  Betchworth,  Farnham,  and  Selbome.  Further 
northwards  they  are  present  at  Wallingford,  in  Berkshire.  The 
beds  vary  in  thickness  from  15  feet  at  Merstham  to  60  feet  at 
Farnham. 

In  the  more  typical  Upper  Greensand  of  the  Isle  of  Wight  and  the 
south-western  counties,  the  sponge-beds  consist  of  thick  layers  of 
chert  and  porous  siliceous  rock  at  the  summit  of  the  series,  immedi- 
ately beneath  the  so-called  chloritic  marl;  whilst  in  the  lower 
division  the  sponge-remains  principally  occur  in  loose  quartzitio 
sands  with  siliceous  accretions.  The  chert  or  sponge-beds  at  the  top 
of  the  Upper  Greensand  are  best  exposed  at  Shank! in,  Yentnor,  and 
the  Undercliff,  in  the  Isle  of  Wight,  at  Warminster  in  Wiltshire,  and 
Penzlewood  in  Somersetshire.  They  vary  from  10  to  26  feet  in 
thickness,  llie  sponge-beds  of  the  lower  division  are  scarcely 
recognizable  in  the  Isle  of  Wight,  but  they  attain  a  thickness  of  10 
to  20  feet  on  the  summit  of  the  Blackdown  and  Haldon  Hills  in 
Devonshire,  and  at  Axmouth  in  Dorsetshire.  The  chert  here  is  only 
present  in  beds  of  subordinate  importance. 

Sponge-beds  of  similar  characters  to  those  of  the  Greensand  have 
been  described  from  the  Hilsandstein  in  Westphalia,  which  is  of 
Neocomian  age,  and,  judging  from  specimens  which  I  have  examined, 
the  "Guize  de  TArgonne,'*  which  is  largely  developed  in  the 
Ardennes,  and  the  ''Meule  de  Bracquegnies "  in  Belgium,  are 
sponge-beds,  filled  with  spicules  and  spicular  casts  like  those  of  the 
Greensand. 

llie  sponge-remains  in  the  various  beds  are  exclusively  those  of 
siliceous  sponges.  In  some  the  silica  of  the  spicules  yet  retains  its 
original  colloidal  condition,  in  which  it  is  negative  to  polarized  light 
and  readily  soluble  in  caustic  potash.  The  matrix  of  the  sponge-beds 
of  the  malm  and  firestone  is  also  to  a  large  extent  of  colloidal  or 
amorphous  silica,  and  this  material  has  been  deposited  in  the  form 
of  minute  globules  or  disks,  and  seems  to  have  been  derived  from 
the  sponge-spicules,  with  the  empty  oasts  of  which  the  beds  are 
throughout  filled. 

More  generally  the  original  amorphous  silica  of  the  sponge-remains 
has  been  altered  to  chalcedony,  and  the  chert  and  porous  siliceous 
rock  accompanying  it,  which  is  filled  with  traces  of  the  spicules,  are 
likewise  of  chalcedony ;  occasionally  the  chalcedony  gives  place  to 
crystalline  silica. 

Glauconite  very  commonly  fills  the  canals  of  the  spicules,  and 
remains  after  the  spicular  walls  have  been  removed,  it  also  replaces 
the  spicular  walls. 

In  some  sponge-beds  the  spicules  have  been   nearly   entirely 
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replaced  by  crystalline  calcite ;  they  are  embedded  in  a  matrix  of 
granular  limestone. 

As  a  general  rule  the  sponge-spicules  are  inclosed  in  a  compact 
matrix  in  which  their  forms  can  only  be  partially  studied,  but  under 
certain  conditions  they  are  loosely  distributed  in  sand,  or  in  fine 
powder  in  cavities  in  chert,  from  whence  they  can  be  obtained  quite 
free  from  matrix.  The  sponge-beds  appear  to  be  wholly  composed 
of  detached,  free,  spicules ;  entire  sponges  areabseflt  These  spicules 
belong  to  numerous  species.  All  four  orders  of  siliceous  sponges  are 
represented,  but  those  of  Monactinella  and  Hexactinella  sponges 
form  but  a  small  proportion,  while  those  of  Tetractinella  and  Lithi- 
stid  sponges,  more  particularly  of  the  Megamorina  family,  are 
extremely  abundant. 

II. — GeOLOQIOAL   SOOIICTY  OF  LoNDOS. 

L— May  13,  1885.— Prof.  T.  G.  Bonney,  D.So.,  LL.D.  F.R.S.. 
President,  in  the  Chair. — ^The  following  communications  were  read  : 

1.  **  On  the  Ostracoda  of  the  Purbeck  Formation  ;  with  Notes  on 
the  Wealden  Species."     By  Prof.  T.  Eupert  Jones,  F.K.S.,  F.G.S. 

The  author  stated  that  in  1850  Prof.  Edward  Forbes  had  deter- 
mined the  tripartite  division  of  the  Purbeck  beds,  after  working  at 
the  sections  in  the  south  of  England  with  Mr.  Bristow,  and  had  inti- 
mated that  several  species  of  the  so-called  "  Cypridae  "  aided  him  in 
arriving  at  this  result.  He  did  not,  however,  publish  any  account 
of  the  several  forms,  and  we  know  of  his  intended  species  only  (1) 
by  his  having  pointed  them  out  to  his  friends  Messrs.  Bristow, 
Osmond  Fisher,  and  W.  Cunnington ;  (2)  by  a  letter  to  Mr.  Bristow 
in  1851  and  one  to  the  author  in  1854 ;  (3)  by  some  diagrams  in  the 
Museum  of  Practical  Geology ;  and  (4)  by  some  rough  woodcuts  in 
Sir  Charles  Lyell's  'Manual  of  Elementary  Geology,'  5th  edition 
(1855).  Having  a  large  collection  of  Purbeck  and  Wealden  Ento- 
mostraca,  the  author  has  endeavoured  to  decide  which  were  E. 
Forbes's  species ;  and  from  a  careful  examination  of  the  collections 
in  the  Geological  Society's  Museum,  the  Museum  of  Practical 
Geology,  and  the  British  Museum,  in  which  he  has  been  greatly  as- 
sisted by  Mr.  E.  T.  Newton,  F.G.S.,  and  Mr.  C.  D.  Sherbom,  he  has 
arrived  at  the  definite  conclusion  that  there  are  fourteen  species  in 
E.  Forbes's  three  divisions  of  the  Purbeck  series.  Five  of  them 
(Cypris  purheckenstay  Candona  hononienatBf  C.  ansata,  Cy there  Blakei, 
and  C,  retirugata)  occur  only  in  the  Lower  Purbeck ;  and  of  the 
others,  six  occur  in  both  the  Middle  and  Upper.  Of  the  fourteen, 
five  (Cypridea  valdenais,  very  rare  in  the  Purbeck,  C,  tuberculata,  C. 
DimTceri,  Cyprione  Britiovix,  and  DarwineUa  leguminella)  go  up  into 
the  Wealden  from  the  Middle  and  Upper  divisions  only.  Cypridea 
punctata  for  the  Upper,  C,  granulosa  (fasciculata)  for  the  Middle, 
and  Cypris  purbecJeensis  for  the  Lower  Purbeck,  seem  to  be  always 
characteristic. 

2.  "  Evidence  of  the  Action  of  Land-ice  at  Great  Crosby,  Lanca- 
shire."    By  T.  Mellard  Reade,  Esq.,  F.B.S. 

The  author  pointed  out  that  the  Triassic  rocks  under  the  Low- 
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level  Boulder-olay  in  the  neighbourhood  of  Liverpool,  where  they 
are  not  smoothed  and  striated,  are  usually  broken  up  into  rubble  and 
red  sand,  forming  a  bed  of  variable  thickness  oooasionally  consoli- 
dated into  a  breccia.  This  deposit  he  had  in  former  papers  attributed 
to  the  action  of  land-ice.  At  Mowbrey  brick-and-tile  works,  Great 
Crosby,  is  a  section  of  Keuper  marls,  the  only  one  existing  for 
many  miles  around.  The  marls  are  overlain  by  Low-level  Boulder- 
clay  of  the  usual  type,  and  between  it  and  the  marl  is  a  deposit  from 
3  to  4  feet  thick,  which  at  fii*st  sight  is  not  readily  distinguishable 
from  the  marls,  but  which  a  careful  examination  of  the  excavations 
from  time  to  time  as  they  progressed,  showed  to  be  a  distinct  bed. 
In  this  bed,  lying  at  all  angles,  were  found  large  blocks  of  sandstone, 
some  of  which  were  grooved  and  striated  in  an  unmistakable  manner. 
The  matrix  in  which  they  were  imbedded  was  of  the  same  constitu- 
tion as  the  marl,  and  evidently  formed  out  of  it,  showing  in  places 
strong  evidence  of  contortion  and  kneading  up.  The  sandstone 
blocks  belonged  to  the  Eeuper  formation,  and  some  of  them  were 
very  similar  to  bands  intercalated  in  the  marls  near  the  bottom  of 
the  excavation.  No  erratic  pebbles  or  boulders  of  any  sort  were 
found  in  this  kneaded  up  marl,  whereas  the  Low-level  Boulder-clay 
is  full  of  them. 

The  author  considered  that  the  only  feasible  explanation  of  the 
phenomenon  was  that  the  marl  had  been  worked  up  into  a  grey  clay 
by  the  passage  over  it  of  land-ice,  which  had  broken  off  the  sand- 
stone-bands at  their  outcrops,  forcing  the  blocks  into  the  disturbed 
or  worked-up  marl.  These  outcrops,  concealed  by  a  mantle  of 
Low-level  Boulder-clay,  must  be  to  the  northward,  and  therefore 
the  blocks  have  travelled  in  the  same  direction  approximately  as  the 
track  of  the  striations  on  the  neighbouring  rooks. 

In  conclusion,  he  contended  that  all  the  evidence  points  to  the 
fact  before  insisted  upon,  that  the  intensest  period  of  cold  preceded 
the  deposition  of  the  Low-level  Boulder-Clay,  which  is  clearly  a 
marine  deposit 

3.  "The  North- Wales  and  Shrewsbury  Coal-fields."  By  D.  C. 
Davies,  Esq.,  F.G.S. 

After  discussing  the  origin  of  Coal-beds,  and  the  causes  of  their 
variation  in  structure  and  quality,  the  author  proceeded  to  describe 
the  North  Wales  and  Shrewsbury  Coal-field,  which  consists  of  three 
parts: — (1)  The  Shrewsbury  field  south  of  the  Severn,  exclusively 
composed  of  Upper  Coal-measures ;  (2)  the  tracts  north  of  the 
Severn,  extending  from  near  Oswestry  to  north  of  Wrexham ;  and 
(3)  the  Flintshire  Coal-field.  The  first  and  second  are  separated 
from  each  other  by  the  alluvial  plain  of  the  Severn  and  Yyrmoy, 
and  the  second  and  third  by  the  Great  Bala  and  Yule  faults. 

Some  remarks  on  the  scenery  of  the  Welsh  border-land  followed, 
and  then  a  general  section  of  the  Carboniferous  system,  as  developed 
in  the  country  described,  was  given,  the  Permian  beds  being  included, 
as  the  author  considered  them  the  upper  portion  of  one  great  divi- 
sion of  Palaeozoic  time.  The  section  was  as  follows,  with  the 
maximum  thickness  of  each  subdivision  : — 
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Thickness  in  yards. 

1.  Dark  red  Sandstone  210') 

2.  Ifton  or  St.  Martin's  Coal-m^wnres..    76  V^^^^  590  yards. 
8.  Red  marls  with  calcareous  matter   . .  180  ^^'"^"'"*"»  *'*'"  /"'"»• 
4.  Green  rocks  and  Conglomerates   ....  125  I 
6.  Upper  Coal-measures    80  ] 

6.  Cem  rock  to  Cefn  coal 100  { 

7.  Cefn  coal  to  Lower  yard-coal  270  V  Coal-measures,  666  yards. 

8.  Lower  yard-coal  to  Chwarcle  coal  . .     80 

9.  Chwarcle  coal  to  Millstone  Grit  ....  136  j 


!1 


1266  yards. 

A  detailed  description  of  the  strata  was  next  given,  beginning 
with  the  lowest,  together  with  details  of  each  coal-seam  as  worked 
in  various  parts  of  the  field.  After  describing  the  beds  from  the 
Millstone  Grit  to  the  Cefn  rock  in  the  North  Wales  coal-field,  the 
author  proceeded  to  notice  the  Upper  Coal-measures  and  Permian 
strata  in  the  Shrewsbury  area,  and  showed  that  no  break  exists 
between  the  two,  the  former  passing  gradually  into  the  latter.  He 
then  discussed  the  probability  of  Lower  Coal-measures  existing 
beneath  the  upper  beds  near  Shrewsbury,  and  showed  from  sections 
that  the  existence  of  the  lower  measures  might  be  anticipated.  A 
similar  inquiry  as  to  the  presence  of  the  Coal-measures  beneath  the 
New  Bed  Sandstone  of  the  Yale  of  Clwyd  should  also,  in  the  author's 
opinion,  be  answered  in  the  affirmative. 

The  organic  remains  found  in  the  different  beds  were  briefly 
noticed,  and  then  the  faults  of  the  district  were  discussed  at  some 
length.  The  principal  faults  run  north  and  south,  with  an  upthrow 
to  the  east,  but  are  crossed  by  lines  of  fracture  running  east  and 
west 

In  conclusion,  the  correlation  of  the  strata  in  the  North  Wales 
and  Shrewsbury  coal-fields,  and  especially  of  the  coal-seams,  with 
the  beds  found  in  other  parts  of  Great  Britain,  was  discussed,  and 
a  section  was  given  to  show  the  representation  of  the  different 
measures  in  various  coal-basins.  The  author  was  disposed  to  adopt 
four  subdivisions  rather  than  three  only,  as  usually  accepted,  and 
pointed  oat  some  of  the  characteristics  of  each  subdivision. 

II.— May  27,  1885.— Prof.  T.  G.  Bonney,  D.Sc.,  LL.D.,  F.B.S., 
President,  in  the  Chair. — The  following  communications  were  read : 

1.  "  On  the  so-called  Diorite  of  Little  Knott  (Cumberland),  with 
further  Bemarks  on  the  Occurrence  of  Picrites  in  Wales."  By  Prof. 
T.  G.  Bonney,  D.Sc.,  LL.D.,  F.RS.,  Pre8.G.S. 

The  Little  Enott  rook  and  its  microscopic  structure  were  briefly 
described  by  the  late  Mr.  Clifton  Ward,  who  named  it  a  diorite,  but 
called  attention  to  its  abnormal  character.  The  author  gave  some 
additional  particulars,  and  showed  that  although  the  rock  varies  in 
different  parts  of  the  same  outcrop,  and  is  not  one  of  the  most 
typical  representatives  of  the  picrite  group,  its  relations  on  the 
whole  are  with  this  rather  than  with  the  true  diorites.  He  also 
called  attention  to  the  extraordinary  number  of  boulders  which  have 
been  furnished  by  this  comparatively  small  outcrop,  and  discussed 
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the  relation  of  their  distribution  to  the  former  extension'  andeflbcfi 
of  ioe  in  the  Lake  Disti-iot  He  briefly  noticed  the  occurrence  of 
additional  boulders  of  piorite  in  Anglesey,  and  described  specimens 
from  two  localities  (Caemawr  and  Pengorphwysfa)  where  a  similar 
rock  has  been  discovered  in  situ  by  Professor  Hughes.  Hence  it  is 
probable  that  the  Anglesey  boulders  are  derived  from  localities  in 
that  island,  and  not  from  Cumberland.  From  a  re-examination  of 
specimens  collected  by  the  late  Professor  Sedgwick  and  Mr.  Tawney, 
))reserved  in  the  Woodwardian  Museum  at  Cambridge,  the  author 
showed  that  the  rock  must  occur  in  situ  in  two  loccdities  in  the  Lleyn 
peninsula,  in  the  neighbourhood  of  Clynnog  and  of  Aberdaron. 
Lastly,  he  described  a  very  remarkable  picrite  boulder,  discovered 
by  Dr.  Hicks,  which  rests  on  **  Dimetian "  rock  at  Porthlisky  near 
St  Davids. 

2.  "  Sketches  of  South-African  Geology.— No.  2.  A  Sketch  of  the 
Gold-Fields  of  the  Transvaal,  South  Africa,"  By  W.  H.  Penning, 
Esq.,  P.G.S. 

The  Gold-Fields  of  the  Transvaal  have  been  defined  as  covering 
nearly  all  the  eastern  and  northern  districts  of  the  State,  though  but 
a  small  portion  of  the  area  is  productive.  In  this  paper  the  author 
described  only  the  Lydenburg  and  De  Eaap  gold-fields,  leaving  those 
of  Pretoria  and  Marabastadt  for  a  future  communication.  The 
auriferous  region  is  known  to  extend  350  miles  to  the  northward 
beyond  the  Limpopo  river,  so  that  the  gold-bearing  rocks  are  found 
throughout  at  least  7^  degrees  of  latitude  and  3  of  longitude. 

The  area  of  the  two  gold-fields  mentioned,  comprising  together 
about  3000  square  miles,  was  defined  ;  and  the  author,  after  noticing 
some  old  gold- workings,  proceeded  to  give  an  account  of  the  physical 
features  of  the  country.  He  especially  called  attention  to  the  cir- 
cumstance that  most  of  the  rivers  rise  to  the  west  of  the  highest 
range,  and  flow  eastward  through  it. 

The  oldest  gold-bearing  rocks  consist  of  unfossiliferous  schists, 
shales,  cherts,  and  quartzites,  classed  by  the  author  as  Silurian. 
Amongst  these  a  great  mass  of  coarse  granitic  rock  is  intruded,  con- 
sisting of  quartz  and  felspar,  with  but  little,  if  any,  mica.  This 
granite,  in  the  De  Eaap  valley,  forms  an  ellipse  17  miles  long  by 
10  broad,  with  a  narrow  northerly  prolongation.  Both  the  granite 
and  the  stratified  rock  are  traversed  by  intrusive  dykes,  chiefly  of 
diorite. 

These  beds  have  been  much  disturbed,  and  then  cut  down,  pro- 
bably by  marine  denudation,  to  a  level  plain  1700  or  1800  feet  above 
the  sea.  Upon  them  rest  unconformably  a  great  sequence  of  con- 
glomerates, sandstones,  and  shales,  the  **  Megaliesberg  beds  "  of  a 
former  paper,  but  now  provisionally  classed  as  Devonian.  These 
rocks  also  are  traversed  by  dykes  of  diorite  and  other  kinds  of  trap. 
The  "  High  Veldt  beds  '*  overlie  the  **  Devonian  "  with  some  uncon- 
formity. 

Several  sections  and  observations  illustrative  of  these  facts  were 
described,  and  details  were  given  of  the  different  gold-mines  in  each 
of  the  great  systems  noticed,  and  also  in  alluvial  deposits.     It  was 
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shown  that  much  gold  was  derived  originally  from  veins  in  the  older 
or  Silurian  rocks,  and  that  some  of  that  met  with  in  the  newer 
system  occurred  in  conglomerates  or  other  detrital  beds.  But  there 
are  also  gold-bearing  quartz-veins  intersecting  the  latter. 

3.  ''  On  some  Erratics  in  the  Boulder-clay  of  Cheshire,  eta,  and 
the  Conditions  of  Climate  they  denote."  By  Charles  Eicketts,  M.D., 
F.G.S. 

The  author  stated  that  the  glacial  phenomena  of  the  valley  of  the 
Mersey  indicate  that  the  country  has  been  entirely  covered  with  ice 
and  snow,  resulting  solely  from  the  snowfall  on  its  water-slopes  and 
those  of  the  tributary  valleys.  The  glacial  strisB  coincide  in  direction 
with  that  of  the  respective  valleys,  or  are  in  direct  connexion  with 
the  contour  of  the  ground.  The  bottoms  of  the  valleys  are  usually 
•filled  to  some  extent  with  irregularly  stratified  sands  and  gravels, 
containing  erratic  pebbles  from  which  all  strisB  have  been  removed, 
probably  by  currents  of  water  holding  sand  in  suspension.  Above 
these  there  is  a  boulder-clay  containing  a  larger  proportion  of  sand 
and  gravel  than  the  boulder- clay  proper.  The  flanks  of  the  valleys 
are  covered  with  unstratified  sand  or  fragments  of  sandstone  derived 
from  the  Trias,  probably  left  by  glaciers  as  submarine  moraines. 
The  whole  is  overlain  by  the  true  boulder-clay,  an  unstratified 
reddish-brown  clay  containing  erratics  derived  from  different  and 
distant  localities.  This  clay  originated  in  the  grinding-action  of  the 
glaciers  upon  the  neighbouring  rocks,  and  was  carried  out  in  the 
form  of  mud  by  subglacial  streams  of  water.  The  contained  pebbles, 
many  of  which  are  smoothed,  flattened,  scratched,  and  striated,  were 
carried  by  and  dropped  from  icebergs  and  floating  ice ;  they  are  so 
abundant  as  to  indicate  that  the  bay  of  Liverpool  was  densely  packed 
with  ice. 

The  author  noticed  the  occurrence  in  these  beds  of  masses  of 
contemporaneous  sands,  gravels,  etc.,  caused  by  changes  in  the  ex- 
tension of  the  glaciers,  and  described  a  large  series  of  erratics  derived 
from  granitic,  volcanic,  Silurian,  Carboniferous,  and  other  rocks 
covered  with  striss  and  other  glacial  markings,  and  also  affording 
evidence  of  subsequent  exposure  to  weathering  before  they  were 
floated  away  and  dropped  into  the  clay.  In  connexion  with  this 
weathering  of  the  bouldera,  the  author  remarked  that  in  the  case  of 
the  granitic  and  volcanic  rocks,  the  process  differed  greatly  in  degree, 
extending  in  some  granites  to  the  separation  of  each  individual 
grain  throughout  the  whole  mass,  and  he  called  attention  to  the 
occurrence  in  Ireland  of  fragments  of  disintegrated  granite  and  trap 
imbedded  in  moraines,  eskers,  and  Boulder-clay,  and  to  that  of 
Wastdale-Crag  granite  similarly  decomposed  in  the  moraines  in  the 
neighbourhood  of  Shap,  where  also  rocks  of  volcanic  origin  have 
become  weathered  in  the  same  way  as  some  in  the  Boulder-clay  of 
Cheshire.  Fragments  of  limestone  also  show  traces  of  erosion, 
while  others  have  been  split  into  two  or  more  pieces  since  their 
glaciation,  phenomena  also  observed  in  moraine-accumulations  in 
limestone-districts.  Similar  phenomena  occur  in  the  case  of  slaty 
and  other  stratified  rocks.  Some  limestone  pebbles  have  been  per- 
forated by  Mollusca  and  other  marine  animals. 
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The  infereDoe  drawn  by  the  author  from  the  facts  reoorded  in  his 
paper  is  that  these  weathered  boulders  onoe  formed  portions  of 
moraines  on  land  from  which,  for  a  time,  the  glaciers  had  receded, 
and  that,  after  a  succession  of  seasons  suflScient  to  disintegrate  these 
blocks  more  or  less,  an  increased  snowfall  caused  such  an  extension 
of  the  glaciers  that  the  blocks  were  carried  down  to  the  sea  and 
conveyed  away  in  icebergs  and  by  floating  ice  to  the  spots  where 
they  are  now  imbedded.  As  they  occur  at  different  horizons,  there 
must  have  been  a  repetition  of  the  advance  and  retreat  of  the  glaciers, 
such  as  now  occurs  in  Greenland. 


III.— June  10,  1885.— Prof.  T.  G.  Bonney,  D.So.,  LL.D.,  F.R.S., 
President,  in  the  Chair. — ^The  following  communications  were  read : 

1.  "Note  on  the  Sternal  Apparatus  in  Iguanodon,'^  By  J.  W. 
Hulke,  Esq.,  F.R.S.,  V.P.G.S. 

The  author  remarked  that  although  parts  of  the  pectoral  arch  of 
Iguanodon  had  been  identified  in  this  country  and  in  Belgium, 
nothing  definite  was  known  of  the  structure  of  the  sternum  itself, 
and  stated  that  a  specimen  in  the  collection  of  Mr.  Beckles,  from  the 
Wealden  of  Hastings,  seemed  to  throw  some  light  upon  this  point 
The  specimen  in  question  consists  of  an  azygos  bar,  from  near  one 
end  of  which  two  smaller  rods  diverge  laterally,  the  latter  terminat- 
ing mesially  in  expanded  ends,  applied  to  what  the  author  regarded 
as  the  ventral  surface  of  the  azygos  bar,  where  they  approach  each 
other  very  closely.  These  two  diverging  bones  are  regarded  by  the 
author  as  the  clavicles.  All  the  evidence  tends  to  show  that  the 
parts  are  in  their  normal  relations,  in  which  case  the  clavicles  bear 
the  same  relation  to  the  interclavicle  as  in  the  pectoral  arch  of  exist- 
ing Lacertilia. 

The  azygos  piece  is  a  long  flattened  bar,  widening  posteriorly  for 
some  distance  from  the  attachment  of  the  clavicles,  and  then  narrow- 
ing slightly  to  the  posterior  extremity.  The  lateral  borders  from 
the  clavicles  to  the  widest  part  are  smooth  and  gently  arcuate  for  the 
articulation  of  the  epicoracoid ;  behind  this  they  are  rough  and 
apparently  non-articular.  The  author  discussed  the  nature  of  the 
azygos  piece,  which  evidently  includes  the  interclavicle ;  but  whether 
it  comprises  the  costal  sternum  is  questionable.  There  are  no  indi- 
cations of  the  connexion  of  ribs  with  its  lateral  borders,  and  its 
figure  is  quite  unlike  that  of  the  sternum  in  existing  Lacertilia  and 
Crocodilia.  From  all  its  characters  the  author  concluded  that  the 
azygos  piece  represents  only  the  interclavicle,  and  he  suggested  that 
the  costal  sternum  may  have  been  cartilaginous,  as  in  existing 
Crocodiles. 

2.  "  The  Lower  Palaeozoic  Rocks  of  the  neighbourhood  of  Haver- 
fordwest" By  J.  E.  Marr,  Esq.,  M.  A.,  F.G.S.,  and  T.  Roberts,  Esq., 
B.A.,  F.G.S. 

The  authors  in  this  communication  described  the  sequence  of  the 
Lower  Palaeozoic  rocks  lying  to  the  north  of  Havertbrdwest  and 
Narberth.  Their  work  is  founded  on  that  published  by  the  Geologi- 
cal Surveyors  in  their  maps,  sections  and  memoirs. 
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To  die  north  of  the  ridge  of  rook  ninniDg  eastward  fh)tn  Rock 
Castle,  claimed  as  Arohadan  by  Dr.  Hicks,  they  have  discovered 
LiDgula  Flags,  with  Olenus  spinvloBus,  Wahl,  and  Agnostus  pUu 
forms,  Linn.  These  beds  are  seen  underlain  by  conglomerate, 
resting  upon  older  rocks,  near  Trefgam  Bridge. 

South  of  Dr.  Hicks's  Archaean  ridge,  a  great  fault  brings  beds  of 
Bala  age  in  juxtaposition  with  the  rocks  of  the  ridge ;  hence,  in  the 
tract  described,  no  rocks  of  Tremadoc  and  true  Arenig  age  have  been 
met  with.  In  the  a^rea  south  of  the  ridge  the  rocks  are  thrown  into 
a  complex  synclinal,  with  a  complex  anticlinal  to  the  south-east, 
near  the  town  of  Narberth. 

The  succession  which  the  authors  attempted  to  establish  in  this 
area  is  as  follows  (in  ascending  sequence) : — 

i.  Didymograptus  shales,  with  Murchisoni-form  Graptolites. 

ii.  Llandeilo  limestone,  with  Asaphts  tyrannus,  Murch.,  etc. 

iii.  Dicranograpius  shales,  with  DicranograpiuSf  CUmacograptus 
hicomis,  Diphgraptus  foliacens,  etc.,  having  a  zone  at  the  summit 
marked  by  the  abundance  of  Orihis  argentea,  His. 

iv.  Eobeston  Wathen  Limestone,  with  many  Corals  and  Brachio- 
pods,  and  few  Trilobites. 

V.  TrinucleuS'Seticomis  beds,  characterized  by  abundance  of  Trt- 
nucleus  setieomis.  His.,  and  its  variety  T.  Bucldandi,  These  are 
subdivided  into  three  stages,  viz. : — (a)  Sholeshook  limestone,  with 
Cystideans  and  an  abundant  Trilobite  fauna,  including  Agnostus 
trinoduSy  Salt,  Trinudeus  seticomis,  His.,  Stygina  latifrons,  Portl., 
Phillipsia  parabola,  Barr.,  Cheirurus  parvus.  Salt.,  Encrinurus  sex- 
costatus,  Salt,  Phaeops  Brongniarti,  Portl.,  etc. 

(h)  Redhill  beds,  blue-grey  shales,  generally  poor  in  fossils,  but 
containing  here  and  there  a  fair  abundance,  especially  of  Phaeops 
Brongniarti,  Portl.,  and  Trinudeus  Bueklandi,  Barn,  and  many 
Lamellibranchs  and  Gasteropoda. 

(c)  Slade  beds,  consisting  of  gritty  green  shales  with  calcareous 
bands  crowded  with  fossils.  Olauconome  distieha,  Phyllopora  His- 
ingeri,  M*Coy,  Phaeops  Brongniarti,  Portl.,  Trinudeus  seiioomis,  His^ 
Calymene  trinucleina,  Jjinns.,  Orihis  testudinaria,  Dalm.,  are  abundant. 
CUmacograptus,  sp.,  also  occurs. 

vi.  Conglomerate,  containing  many  quartz  pebbles,  succeeds  the 
beds  of  the  Slade  stage  in  many  localities,  and  does  not  seem  to 
mark  a  great  discordance,  as  the  authors  have  nowhere  found  it 
resting  on  lower  beds. 

viL  Lower  Llandovery  beds.  Green  gritty  shales,  with  grit  and 
very  fossiliferous  calcareous  bands,  characterized  especially  by  Nidu- 
lites  favus,  Petraia  sfibdupUcata,  var.  crentdata,  Siricklandinia  liraia, 
etc.,  and  containing  Phaeops  elegans,  Boeck  and  Sars,  Phaeops  muero- 
natus,  Aug.,  and  Deiphon  Forbesi,  Barr. 

The  authors  attempted  a  correlation  of  the  Haverfordwest  rocks 
with  those  of  other  areas : — 

Conglomerate  and  grit  of  Trefgam         =Harlech  ? 

Lingula  Flags  of  Trefgam,  etc.  =Do]gelly  beds. 

Didymograptus  shales  =Llanvim. 
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Llandeilo  Limestone  =Lower  Bala. 

Dicranograptus  shales  =  Lower  and  Middle  Bala. 

Bobeston  Wathen  Limestone  =Bala  Limestone. 

TrinucleuS'Setieomis  beds  =Upper  Bala. 

Conglomerate  ) ▼  i^i-      tt-h 

Foesiliferous  Lower  Llandovery  beds  ]  -^^®^  ^^^  ^"'• 

In  conclusion  the  authors  notice  two  points  which  require  further 
elucidation.  The  first  is  the  separation  of  the  Bobeston  Wathen 
and  Sholeshook  limestone.  This  is  made  on  palseontological  and 
lithological  grounds,  as  the  whole  thickness  of  the  two  limestones 
had  nowhere  been  met  with  in  the  same  section.  The  second  is  the 
relationship  of  the  conglomerate  to  the  fossil iferous  Lower  Llandovery 
beds.  In  the  only  place  where  the  two  appear  in  justaposition  the 
conglomerate  series  appear  to  underlie  the  fossiliferous  Llandovery 
beds;  this  the  authors  explained  by  a  faulted  overfold.  These 
difficulties  do  not,  however,  prevent  the  authors  from  hoping  that  the 
sequence  they  have  established  will  be  of  use  in  assisting  to  deter- 
mine the  character  of  the  very  remarkable  folds  by  which  the  district 
has  been  affected. 

3.  ''On  certain  Fossiliferous  Nodules  and  Fragments  of  Haematite 
(sometimes  Magnetite)  from  the  (so-called)  Permian  Breccias  of  Lei- 
cestershire and  South  Derbyshire."  By  W.  S.  Qresley,  Esq.,  F.G.S. 
In  this  paper  the  author  described  certain  pebbles  of  haematite 
and  magnetite  which  occur  in  the  so-called  Permian  breccias  on  the 
western  margin  of  the  Ashby-de-la-Zouch  Coal-field.  These  pebbles, 
which  are  largely  collected  for  sale  and  used  as  "  burnishers,'*  vary 
in  size  from  a  diameter  of  iV  iiich  to  the  size  of  a  man's  fist.  They 
present  many  varieties  of  form,  have  sometimes  an  agate-like  struc- 
ture, and  occasionally  exhibit  well-marked  magnetic  polarity.  Some- 
times they  show  grooving  and  striation  resembling  those  produced 
by  ice-action,  while  at  other  times  they  seem  to  have  been  crushed 
and  recemented.  Many  of  these  pebbles  contain  fossils  of  various 
kinds,  chiefly  plant-  and  insect-remains,  but  with  a  few  of  Annelids, 
Mollusca  and  Fish.     All  the  fossils  are  of  Carboniferous  age. 

From  the  consideration  of  all  the  facts  detailed  in  the  paper,  the 
author  concluded  that  these  nodules  were  originally  composed  of 
clay  ironstone,  and  that  they  were  derived  from  Carboniferous  strata. 
He  considered  that  the  pseudomorphic  action  by  which  they  have 
acquired  their  present  composition  must  have  taken  place  in  situ 
since  their  inclusion  in  the  breccia. 


in. — The  Gbologists'  Association. 

At  a  meeting  held  at  University  College,  on  the  5th  June  last, 
Mr.  Herbert  Goss,  F.L.S.,  F.G.S.,  etc.,  read  a  paper  "On  Some 
recently-discovered  Insecta  and  Arachnida  from  Carboniferous  and 
Silurian  Bocks."  After  remarking  on  the  great  number  of  Palaeozoic 
Insects  lately  discovered,  and  calling  attention  to  the  recent  investi- 
gations and  writings  on  the  subject  of  M.  Charles  Brongniart,  Mr. 
Scudder,  Dr.  Deichmuller,  Dr.  Dohm,  Dr.  Fritsch,  Dr.  Eugen  Geinitz, 
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Dr.  H.  B.  Geinitz,  Dr.  Goldenberg,  Dr.  Hagen,  Professor  Lindstrom, 
Dr.  Novak,  Mr.  B.  N.  Peach,  Dr.  Sterzel,  and  others,  the  author 
stated  that  at  the  date  of  his  last  paper  (March,  1879),  only  103 
fossil  insects  from  the  Carboniferous  rocks  of  the  whole  world  were 
known  ;  but  that  during  the  last  five  years  a  large  number  had  been 
discovered,  including  about  1400  from  the  Coal-measures  of  Com- 
mentry,  France;  a  few  from  Saarbruck,  Klein  Opitz,  Lugan,  and 
elsewhere  in  Germany ;  and  a  considerable  number  from  various 
parts  of  the  North  American  continent  Such  of  the  specimens  as 
had  yet  been  determined  were  then  enumerated,  some  of  the  most 
remarkable  forms  were  referred  to  in  detail,  and  attention  was  drawn 
to  their  affinities  with  existing  types.  According  to  M.  Brongniart 
the  Commentry  fossils  included  about  40  types,  some  of  which 
appeared  allied  to  representatives  of  existing  genera  of  Eemipiera, 
Neuroptera,  Pseudo-Neuroptera,  and  Orlhoptera.  On  the  other  hand, 
many  of  these  fossils  apparently  belonged  to  some  synthetic  or 
homogeneous  types,  uniting  in  themselves  characteristics  of  Neurop- 
tera  and  Orthoptera,  or  Neuroptera  and  HemipUra,  and  proving  that 
at  this  early  period  the  differentiation  of  most  of  the  existing  groups 
had  hardly  commenced. 

Attention  was  then  called  to  the  discovery,  last  year,  of  fossil 
Scorpions  in  the  Upper  Silurian  of  the  Isle  of  Gotland  and  Scotland, 
and  of  the  wing  of  a  Cockroach  in  the  Middle  Silurian  of  Jurques 
Calvados,  France.  Prior  to  these  discoveries,  no  remains  of  terres- 
trial animals  had  been  obtained  from  any  strata  older  than  the 
Devonian,  and  the  result  of  their  discovery  in  Silurian  strata  was  to 
leave  the  Insects  the  oldest  known  class  of  land  animals,  and  the 
Cockroaches  the  oldest  known  family  of  insects. 

The  paper  concluded  with  a  summary  of  the  results  of  recent 
discoveries,  and  it  was  stated  that  the  evidence  afforded  by  Palaeon- 
tology was,  as  far  as  it  went,  in  support  of  the  views  as  to  the  origin 
of  insects,  and  the  order  of  succession  on  the  earth  of  the  various 
groups,  arrived  at  by  Dr.  Packard  and  others  from  a  study  of  the 
embryology  of  the  class.  No  evidence  had  however  yet  been 
obtained  of  the  existence  of  any  earlier  forms  connecting  the  Insecta 
with  those  lower  groups  from  which  they  are  believed  to  have 
originated, 

COE.E.ES:POIsriDE!IsrOE. 


THE  ENSTATITIC  LAVAS  OF  EYCOTT  HILL. 
Sir, — Mr.  F.  Rutley,  in  his  letter  on  the  '*  Enstatitio  Lavas  of 
Eycott  Hill,"  is  not  quite  correct  in  some  of  his  statements.  He 
asserts  that  when  the  late  Mr.  Clifton  Ward  wrote  his  Memoir  on 
the  Geology  of  the  northern  part  of  the  Lake  District,  the  name 
Andesite  was  not  in  nse  except  as  a  synonym  for  andesine  felspar. 
To  this  I  demur — the  rock,  for  instance,  is  described  in  my  edition 
of  Zirkel's  Mikroacopische  BeschaffenJieity  which  is  dated  1873,  my 
copy  of  the  Memoir  being  dated  1876.  It  is  even  mentioned  in 
Lawranoe's   translation  of  Cotta  (1866).      Further,  I  remember 
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potating  out  to  Mr.  Ward,  when  first  he  used  the  term  feUidolerite 
(a  term  of  barbarous  etymology  and  self-contradictory),  that  the 
more  acid  lavas  of  the  Lake  District  agreed  with  some  porphyrites, 
and  only  differed  from  andesites  by  slight  mineral  changes. 

Again,  the  rhombic  pyroxene  which  I  have  described  in  the 
Eycott  Hill  rock  (which  I  leave  among  the  basalts)  differs  in  some 
respects  from  that  described  by  Messrs.  Cross,  Iddings,  and  Teall, 
and  (as  may  be  seen  from  my  paper)  is  more  nearly  related  to  the 
mineral  which  occurs  in  certain  peridotites  and  serpentines.  As 
I  went  in  1876  to  examine  a  rock  containing  it,  I  presume  it  was 
pretty  well  known  some  years  previously,  •  It  was,  however,  very 
natural  that  Mr.  Ward  should  overlook  this  mineral — indeed,  a 
characteristic  specimen  may  not  have  occurred  in  the  slide  or  slides 
which  he  examined.  This,  however,  seems  so  obvious  a  truism 
that  the  only  motive  which  I  can  understand  in  Mr.  Rutley's  letter 
is  to  hint  obliquely  that  I  have  not  done  Mr.  Ward  full  justice. 
This  I  maintain  is  not  warranted  by  anything  in  my  paper.  No 
one  can  regard  the  memory  of  Mr.  Clifton  Ward  more  highly  than 
I  do,  for  I  continue  to  regret  him  as  a  near  and  dear  friend,  no  less 
than  I  esteemed  him  as  a  geologist.  But  I  did  not  and  do  not 
consider  that  I  was  bound  to  preface  my  paper  by  some  apologetic 
remarks  for  venturing  to  correct  slightly  and  add  a  little  to  what 
he  had  written  on  the  subject.  If  we,  whose  lives  are  spai-ed,  are 
not  to  endeavour  in  our  humble  way  to  advance  knowledge,  for 
what  are  we  living  ?  rp  q  Bonnet. 


SUBTERRANEAN  CONTOURING  ON  GEOLOGICAL  MAPS. 

Sir, — In  the  May  Number  of  the  Gbologioal  Maoazinb,  received 
yesterday,  a  Correspondent  of  yours  asks  me :  "  How  the  position 
for  contours  [of  Kock  Beds]  may  be  accurately  ascertained  at  depths 
far  removed  from  observation,  amongst  highly  contorted  or  disturbed 
strata  ?  "  Really  I  know  of  no  method  but  digging ;  yet  it  some- 
times happens  even  in  such  extreme  cases  that  an  opinion  of  more 
or  less  value  can  be  formed  by  means  of  a  careful  instrumental 
survey. 

What  I  maintain  is  that  contour  lines  enable  any  such  opinion  to 
be  expressed  clearly  and  precisely,  of  course  the  mode  of  expression 
does  not  by  its  clearness  and  precision  increase  the  certainty  or 
truthfulness  of  what  is  expressed.  Nor  are  opinions  necessarily 
valueless  because  not  certain  beyond  a  doubt ;  nor  are  all  opinions 
to  be  called  mere  "  fancies."  If  geological  maps  could  literally  only 
give  what  has  actually  been  observed  on  the  surface,  they  would 
generally  be  barren  indeed  and  leave  almost  as  much  to  the  intel- 
ligence of  the  reader  as  the  unexplored  ground  does.  The  aim  of 
geological  surveys  is  to  ascertain  the  probabilities  in  regard  t^  what 
is  hidden ;  and  in  easy  cases  and  thorough  surveys  the  probabilities 
perceived  by  the  geologist  are  sometimes  practically  as  good  as 
certainties ;  in  many  other  cases  the  indication  with  precision  of  the 
probable,  not ''  merely  possible,  position  "  of  a  rook  bed  under  cover 
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is  of  the  highest  importanoe.  Clearly  the  degree  of  probability 
ought  not  to  be  exaggerated.  But  precision  is  in  itself  no  such 
exaggeration. 

The  very  necessity  of  stating  an  opinion  precisely  and  definitely, 
if  at  all,  and  of  making  it  oorre^ond  throughout  with  all  the  surface 
facts  so  far  as  they  have  been  observed,  is  a  great  incentive  to  care- 
ful thoroughness ;  and  the  work  specially  required  for  underground 
contours,  both  in  the  field  and  in  the  office,  gives  much  more  than 
ordinary  value  to  a  geological  survey. 

He  asks  further:  "Whether  1  would  advise  the  use  of  distinct 
plans  on  which  to  record  the  positions  of  the  contours  at  the  various 
depths,  when  ascertained."  Of  course  the  various  depths  can  have 
each  but  one  contour  line,  and  naturally  I  would  not  recommend 
a  separate  map  for  every  contour  line :  but  perhaps  some  misprint 
or  other  slip  has  concealed  the  drift  of  the  question. 

Northampton,  Mass.,  20  Jtfiiy,  1886.  Bbnj.  Smith  Lyman. 


THE   CLASSIFICATION    OF    THE   JURASSIC    SYSTEM. 

SiK, — I  had  not  intended  to  trouble  you  with  any  further  remarkft 
on  this  subject,  but  as  part  of  Dr.  Blanford's  last  letter  has  been 
repeated  in  the  June  Number  of  the  Magazine  for  the  sake  of  cor- 
recting a  typographical  error,  J  may  be  allowed  to  answer  the 
paragraph  so  reprinted. 

I  think  Dr.  Blanford  fails  to  apprehend  the  object  of  my  reference 
to  the  Lower  Calcareous  Grit.  It  was  this, — he  proposes  to  place 
the  Coml  Rag  in  the  upper  division  and  the  Oxford  Clay  in  the 
middle  division  of  the  Jurassic  system;  I  reply  that  the  lower 
member  of  the  Coral  Kag  is  so  closely  connected  by  its  fossils  with 
the  Oxford  Clay,  that  it  would  be  unphilosophical  to  draw  such  an 
important  line  of  separation  below  it. 

I  do  not  see  what  the  Callovian  has  to  do  with  this  argument,  but 
I  had  certainly  not  forgotten  its  existence,  for  I  happened  to  mention 
it  in  my  first  letter  (Geol.  Mao.  1884,  p.  625)  as  forming  the  base 
of  the  Oxfordian. 

My  argument  is  simply  this,  that  there  is  a  greater  palseontological 
change  in  passing  from  the  Cornbrash  to  the  Oxfordian  than  there  is 
between  the  Oxfordian  and  the  Coral  Bag.  The  question  of  the 
lithologioal  change  is  not  worth  further  discussion ;  I  quite  admit 
that  the  point  should  be  decided  on  palaeontological  grounds,  but  I 
do  not  agree  with  Dr.  Blan ford's  method  of  handling  the  facts. 

June  6th,  1886.  A.  J.  JuKES-BrownE. 


The  Dabwin  Memorial  Statue,  the  execution  of  which,  in  white 
marble,  had  been  entrusted  to  Mr.  Boehm,  was  unveiled  by  H.  R.  H.  the  Prince  of 
Wales  at  the  British  Museum  (Natural  History),  Cromwell  Road,  on  Tuesday, 
9tb  June,  18K6,  when  Prof.  Huxley,  President  of  the  Royal  Society,  deliTered  an 
address  on  behalf  of  the  Darwin  Memorial  Committee,  and  handei  over  the  care  of 
the  statue  to  the  Trustees.  The  Prince  of  Wales  replied  on  their  behalf.  The 
Archbishop  of  Canterbury  and  many  other  of  the  Trustees  were  present,  and  a  large 
assemblage  of  scientific  men  and  friends  and  admirers  of  Darwin  filled  the  Great  HalL 
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I. — On  a    Specimen  of   Psbphodus  mag^us,   Aoassiz,  from  the 
Carbonifebous  Limestone  of  East  Kilbride,  Lanarkshire.^ 

By  R.  H.  Tbaquate,  M.D.,  F.R.S.,  F.G.S. 

(PLATE  Vni.) 

IN  his  "Tableau  generale  des  Poissons  Fossiles,"  published  in 
1844,  and  appended  to  the  first  volume  of  his  great  work, 
Agassiz  enumerates  five  species  of  his  Carboniferous  selaohian  genus 
CochlioduSy  of  which  he  only  described  one,  the  well-known .  C.  con- 
iortus ;  the  others,  of  which  the  names  only  were  then  published, 
being  C.  magnus,  C,  acutus,  C.  oblonguSj  and  (7,  stria tus. 

C,  magnua  was,  however,  figured  by  Lient.-Col.  Portlock  in  his 
"Geological  Report  of  Londonderry  and  parts  of  Tyrone  and 
Fermanagh"  (pi.  14a.,  ^g.  4),  .It  is  a  large,  broadly  oblong  convex 
crushing  tooth,  with  crenulated  edges,  common  at  Armagh,  in 
Ireland,  and  not  at  all  rare  in  the  Carboniferous  Limestone  of  many 
localities  in  Scotland.  In  the  same  work  (p.  462)  Col.  Portlock 
quotes  a  letter  from  Captain  Jones,  in  which  that  gentleman,  a 
zealous  collector  of  fossils  from  the  Armagh  limestone,  expresses  the 
opinion  that  this  tooth  passes  into  Helodua  planus,  another  Armagh 
species,  named  but  not  described  by  Agassiz. 

Both  Cochliodus  magnus  and  Helodus  planus  were  described,  and 
the  latter  also  figured,  by  M'Coy,  who  still  retained  them  as 
belonging  to  separate  genera  and  sjpecies^.for  though  he  mentions 
Captain  Jones's  opinion  regarding  them,  he  states  that  he  himself 
had  not  seen  the  passage.  As  regards  C,  magnus,  M*Coy  assigned 
three  teeth  to  each  ramus  of  the  jaw,  so  as  to  form  an  arrangement 
corresponding  with  that  in  0.  contortus.  He  also  doubted  the  position 
of  the  species  in  the  genus  Corhltodus,  on  account  of  the  slight 
enrolment,  the  little  definition  of  the  characteristic  oblique  ridges, 
and^he  strong  crenulation  of  the  edges.' 

Agassiz,  having  visited  Great  Britain  again  in  1859,  extensively 
revised  the  names  of  the  Carboniferous  selachian  remains  in  the 
magnificent  collection  of  the  Earl  of  Enniskillen,  at  Florence 
Court,  in  Ireland,  and  instituted  a  great  number  of  new  generic 
and  specific  names,  involving  in  many  cases  considerable  subdivision 
of  former  genera.     A  list  of  these  MS.  names  was  supplied  by 

1  Reprinted  from  the  Transactions  of  the  Geological  Society  of  Gla^w,  vol.  viL 
part  2,  pp.  392-402,  pi.  xvi.     Glasgow,  July,  18b6. 
'  **  Bntish  Palsdozoic  Fossils,"  I^ndon  and  Cambridge,  1855. 
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Lord  Ennisktllen  to  Messrs.  Morris  and  Roberts,  and  published  by 
them  in  the  Quart  Joum.  of  the  Geological  Society,  voL  xviiL  1862, 
pp.  99-102.  From  this  list  it  appears  that  out  of  the  previously 
quoted  species  of  Cochliodus,  except  the  first,  C.  contortua,  a  number 
of  new  genera,  as  well  as  several  additional  species,  were  established. 
Cochliodus  magnua  from  Armagh  became  Psephodua  magnus,  with 
which  Melodus  planus  was  merged ;  C,  tnagnus  from  Bristol  became 
TomodvB  convexus;  C,  acutuB  became  DeltoptyehiuB  cloUub  and 
gibberulua;  C.  oblongus  became  Streblodus  obUmguB,  Colei  and 
Egertoni;  and  lastly,  for  C,  striatui,  the  genus  Xyutrodus  was  pro- 
posed. 

Teeth  undoubtedly  generically  identical  with  Agassiz's  Psephodus 
were  in  1866  figured  by  Messrs.  Newberry  and  Worthen,  under  the 
name  of  Aspidodus  crenulatus.^  The  authors  refer  to  the  resemblance 
which  these  teeth  bear  to  Agassiz's  Cochliodus  magnus,  and  suggest 
that  the  latter,  as  well  as  Helodw  planus,  should  be  included  in 
Aspidodus.  In  this  Messrs.  Newberry  and  Worthen  would  have  been 
perfectly  right  had  Psephodus  been  a  mere  MS.  name  like  so  many 
others  which  Agassiz  left  behind  him  at  Florence  Court  For  though 
no  definition  of  Psephodus  appeared  along  with  the  publication  of 
the  name  in  1862,  its  type  species,  magnus,  had  been  sufficiently  well 
figured  and  described  by  Portlock  and  M'Ooy  to  enable  naturalists 
throughout  the  world  to  identify  the  genus.  We  may,  therefore, 
grant  priority  to  Agassiz's  name,  though  solely  on  the  grounds  above 
given.  And  in  the  sixth  volume  of  the  Geological  Survey  of  Illinois 
the  name  AspidoduSt  given  by  Messrs.  St  John  and  Worthen,  is 
relinquished  in  favour  of  Psephodus, 

It  is  indeed  much  to  be  regretted  that  Agassiz  did  not  himself 
publish  figures  and  descriptions  of  the  numerous  genera  and  species 
of  fossil  fishes  to  which  in  various  collections  he  affixed  MS.  names, 
and  in  hardly  any  department  did  the  non-completion  of  his  work 
hinder  progress  more  than  in  the  case  of  those  selachian  remains 
from  the  Carboniferous  Limestone  contained  in  the  Florence  Court 
collection.  Many  of  those  names  given  by  him  in  his  revision  of 
1859  became  current  among  collectors  without  their  having  any  pub- 
lished means  of  verifying  their  identifications,  and  the  names  them- 
selves being  MS.  names  still,  in  spite  of  their  publication  by  Messrs. 
Morris  and  Roberts,  were  liable  at  any  moment  to  be  superseded. 
This  want  has,  however,  been  supplied  by  Mr.  J.  W.  Davis,  who, 
having  been  entrusted  by  Lord  Enniskillen  with  the  task  of  working 
up  the  Carboniferous  limestone  selachian  remains  in  his  collection, 
last  year  published  descriptions  and  figures  of  the  genera  and  species 
there  named  by  Agassiz,  along  with  many  others  established  by  him- 
self as  new.  The  Enniskillen  collection  itself  having  been  recently 
acquired  by  the  British  Museum,  the  scientific  public  at  large  have 
now  ample  opportunity  of  knowing  the  present  condition  of  this 
branch  of  palceichthyological  science,  so  far  at  least  as  specimens 
from  British  Carboniferous  rocks  are  concerned. 

*  Geological  Surrey,  lUinois,  vol.  ii.  p.  92. 
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In  this  work  ^  Mr.  Davis  follows  M*Coy  in  assigning  three  principal 
teeth  to  each  ramus  of  the  jaw  of  Fsejphodus  magnus,  and  has  given 
a  figure  representing  three  such  teeth  placed  together  in  the  position 
he  supposed  them  to  occupy.  Admitting  Helodus  planus  as  a 
synonym,  he  assigns  to  these  ^'Helodont"  teeth  a  position -—some  in 
front  of  the  larger  plates,  others  on  the  palate  between  them. 

Mr.  Davis  summarizes  his  views  as  follows : — "  That  a  row  of 
three  principal  teeth,  increasing  in  size  backwards,  were  attached  to 
each  cartilaginous  ramus  of  the  jaw  ;  that  the  diameter  of  the  jaw, 
as  indicated  by  the  groove  or  channel  on  the  under  surface  of  the 
teeth,  diminished  towards  the  symphysis ;  that  a  long  narrow  tooth 
was  placed  in  front  of  the  anterior  one,  and  that  a  series  of  at  least 
three  Helodoid  teeth  were  placed  behind  it,  extending  over  the  palate 
and  increasing  in  size  backwards."  {op,  ciL  p,  47.)  The  foUewing 
sentences  may  also  be  quoted  : — "  It  is  not  probable  that  more  than 
three  teeth  existed  on  each  side  of  the  jaw ;  and  the  teeth  hitherto 
known  as  Helodus  planus,  Ag.,  occupied  the  intervening  portion  of 
the  palate.  An  example  (pi.  Iv.  fig.  6)  shows  a  Helodoid  tooth  to 
have  occupied  a  position  in  front  of  the  anterior  tooth,  as  well  as 
the  palatal  space  behind."  {op.  ciL  p.  441.) 

These  views  appear,  however,  to  be  in  the  main  hypothetical. 
The  "  three  principal  teeth  "  have  not,  so  far  as  I  am  aware,  been 
found  together  in  the  positions  ascribed  to  them ;  nor  does  it  seem 
clear  what  Mr.  Davis  means  by  the  "  intervening  portion  of  the 
palate,"  or  the  **  palatal  space,"  unless  he  supposes  these  Helodont 
teeth  to  have  been  unsupported  by  the  cartilaginous  jaw  arches, 
mandibular  below  and  palato-quadrate  above,  which  is  certainly  im- 
probable. One  of  his  figures  (pi.  Iv.  fig.  4),  however,  shows  three 
of  the  Helodoid  teeth  in  longitudinal  apposition;  another  (fig.  9) 
two  similarly  related  to  each  other,  and  to  a  broad  tooth ;  and  again 
(fig.  6)  we  have  one  of  the  narrow  teeth  lying  alongside  the  trigonal 
one,  supposed  by  M*Coy  and  himself  to  be  **  anterior." 

Mr.  Davis's  paper  was  read  before  the  Royal  Dublin  Society, 
May  15,  1882,  and  published  during  the  following  year,  fiut  also 
in  the  same  year  (1883)  appeared  the  seventh  volume  of  the  Geolo- 
gical Survey  of  Illinois,  containing  extensive  new  researches  among 
the  Carboniferous  selachian  remains  of  that  region  by  Messrs. 
St  John  and  Worthen,  and  made  independently  of  Mr.  Davis's 
work.  In  this  volume  a  considerable  share  of  attention  is  given  to 
the  genus  Fsephodus,  and  the  results  certainly  do  not  correspond 
with  the  views  of  Mr.  Davis.  While  the  authors  state  that 
"in  reference  to  the  dentition  of  Psephodus  our  information  is 
still  meagre,"  they  seem  to  have  come  to  the  conclusion  that  **  while 
the  median  portion  of  the  rami  of  the  jaws  of  Paephodua  was  en- 
veloped by  a  moderately-contorted  dental  plate,  this  plate  was 
flanked  on  either  side  by  series  of  teeth  disposed  in  rows  from  within 
outwards,  similar  to  the  occurrence  of  the  teeth  upon  the  jaws  of 
Cestracion.**     And  as  regards  the  allocation  of  the  larger  dental  plates, 

^  **  On  the  Fossil  Fishes  of  the   Carboniferous  Limestone  Series,"  Sc.  Trans. 
Boj.  Dub.  Soc.  ToL  L  ser.  2,  1883.    (Bead  May  15,  1882.) 
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one  form  apparently  corresponding  with  the  supposed  "  posterior  " 
tooth  of  M*Coy  and  Davis  is  provisionally  referred  to  the  lower  jaw, 
while  another  resembling  the  supposed  **  middle  "  tooth  is  in  like 
manner  referred  to  the  upper  jaw.^  Moreover,  on  the  8th  December, 
1881,  prior  to  the  reading  of  Mr.  Davis's  paper,  Mr.  James  Coutts  exhi- 
bited before  the  Greological  Society  of  Glasgow  a  remarkable  specimen 
of  Paep}iodu9  magnus,  discovered  by  Mr.  A.  Patton  in  the  shale  accom- 
panying the  cement-limestone  of  East  Kilbride,  and  his  remarks 
upon  it  were  published  also  in  1883.*  In  this  specimen  we  have 
remains  of  the  cartilage  of  the  jaws,  along  with  an  aggregation  of 
teeth,  which  undoubtedly  belonged  to  the  same  mouth.  Concerning 
the  teeth  here  exhibited,  Mr.  Coutts  remarks  : — "  The  two  largest 
teeth  evidently  belong  to  Cochliodus  magnus,  or,  as  it  is  now  given 
in  the  '  Catalogue  of  Western  Scottish  Fossils,'  Tomodua  convexus, 
Agassiz,  Others  of  the  teeth  agree  closely  in  form  with  Helodus 
planus,  now  Fsephodus  magnuSy  Agassiz,  thus  confirming  Captain 
Jones's  opinion  that  the  teeth  of  Cochliodus  magnua  and  Edodm 
planus  belong,  in  all  probability,  to  the  same  fish.  Some  of  the 
teeth  in  this  specimen  agree  very  closely  with  Helodus  mammillarts, 
Agassiz,  while  others  differ  in  form  from  any  of  the  species  indicated ; 
indeed,  it  is  very  doubtful  if  there  are  any  two  teeth  exactly  alike, 
but  this  is  a  feature  common  to  the  group  of  fishes  to  which  the 
specimen  belongs."  Prom  the  dates  it  will  be  seen  that  the 
remarks  of  Mr.  Davis  and  Mr.  Coutts,  on  this  form,  were  written 
and  published  altogether  independently  of  each  other. 

Through  the  kindness  of  Messrs.  Patton  and  Coutts,  this  very 
interesting  specimen  has  been  entrusted  to  me  for  re-examination, 
and  in  the  present  communication  I  propose  to  give  a  more  detailed 
description  of  the  facts  and  features  which  it  displays. 

The  specimen  is  contained  on  a  nearly  rectangular  slab  of  shale 
9J  inches  in  length  by  4  in  breadth.  That  which  we  may  call  the 
anterior  half  of  the  surface  (PI.  VIII.  Fig.  1)  is  occupied  by  remains 
of  cephalic  cartilage,  with  teeth,  behind  which,  on  the  posterior  half, 
we  find  some  obscure  remains  of  a  vertebral  column.  The  most 
prominent  object  which  strikes  the  eye  on  the  anterior  part  of  the 
slab,  and  lying  close  to  what  may,  for  convenience,  be  called  the 
lower  margin,  is  a  piece  of  calcified  cartilage,  3^  inches  in  length, 
of  an  elongated  form,  gently  curved,  and  broader  behind  than  in 
front,  which  one  feels  much  tempted  to  regard  as  the  ramus  of  a  jaw. 
Close  to  and  slightly  above  the  hinder  extremity  of  this  cartilage  is 
one  of  the  large  dental  plates  of  Fsephodus  magnus  (a),  lying  with 
its  deep  or  concave  surface  upwards ;  but  it  may  be  lifted  from  the 
matrix  and  freely  examined  on  all  sides.  This  dental  plate  (seen 
isolated  and  from  the  convex  surface  in  Fig.  3)  is  on6  of  those  trape- 
zoidal teeth,  considered  as  "  middle  "  by  M*Coy.  All  its  margins  are 
crenulated,  save  the  so-called  inner  margin,  with  which  very  dis- 
tinct lines  of  growth  run  parallel. 

In  front  of  this  tooth,  and  extending  to  the  anterior  margin  of  the 
slab,  are  seen  many  irregularly  placed  small  Helodont  teeth,  above 

*  p.  64.  *  TrtM.  Ged.  Soc.  Glasgow,  vol  Tii.  pt.  i.  pp.  164-166. 
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which  again  the  surface  is  mainly  covered  by  caloi6ed  cartilage, 
through  which  (at  5)  the  broken  margin  of  another  large  tooth  may 
be  seen  projecting.  A  fracture  enables  us  to  raise  this  cartilaginous 
portion  of  the  specimen,  bringing  into  view  upon  its  under  surface 
(Fig.  2)  a  large  number  of  additional  teeth,  among  which  is  the  large 
one  whose  broken  edge  I  have  already  alluded  to.  This  is  firmly 
fixed  to  a  stout  long-shaped  piece  of  cartilage,  resembling  a  jaw 
ramus,  which  is  not,  however,  preserved  in  its  entirety,  being 
obliquely  broken  oflf  in  front.  The  tooth  itself  (Fig.  4)  belongs  to 
the  category  reckoned  by  MKI/oy  and  Davis  as  the  "  posterior  "  tooth 
of  Psephodus  magnus,  and  of  this  it  represents  one  of  the  rude 
convex  varieties.  The  margin  regarded  by  M*Coy  as  "inner"  is 
broken  away ;  the  anterior  and  posterior  margins  are  crenulated ; 
the  so-called  ''  outer  "  bent  margin  is  entire  and  smooth. 

These  two  teeth,  above  described,  are  the  only  large  ones  seen  in 
the  specimen.  They  undoubtedly  belong  to  Psephodus  magnus, 
Agassiz,  and  not  to  Tomodus  eonvexus,  as  stated  by  Mr.  Coutts ;  but 
his  mistake  is  readily  excusable  when  we  consider  the  difficulty  and, 
in  many  cases,  impossibility,  of  identifying  Agassiz's  MS.  genera, 
until  the  appearance  of  Mr.  Davis's  work. 

There  are  no  less  than  forty-four  smaller  teeth  exhibited  in  the 
specimen.  Mr.  Coutts  mentions  thirty-two,  including  the  two  large 
ones ;  but  by  careful  working  out  I  have  been  able  to  uncover  the 
additional  number.  They  are  mostly  rather  confused  in  position; 
but  as  seen  in  Fig.  2,  several  groups  occur  of  two,  three,  and  four  in 
apposition.  The  most  posterior  of  these  smaller  teeth  (c)  is  isolated 
from  the  rest,  and  somewhat  resembles  Helodus  rudis  of  M'Coy, 
though  smaller  in  size.  It  is  oval  in  shape,  i  inch  in  length  by 
i  in  breadth,  slightly  convex  on  the  surface,  and  with  its  margin 
sloping  and  crenulated. 

More  than  twelve  of  the  teeth  (d)  in  front  of  this  and  lying 
between  the  two  larger  ones  are  clearly  identifiable  with  Helodus 
planus,  though  they  exhibit  considerable  variety  in  size  as  well  as 
shape;  the  largest  being  nearly  one  inch,  the  smallest  f  inch  in 
length.  Some  of  them  are  much  broader  behind  than  in  front,  with 
oblique  posterior  margins,  others  are  more  rectangular ;  some  exhibit 
considerable  lateral  convexity  of  the  crown,  on  others  the  surface  is 
more  flattened ;  in  all,  the  margins  are  crenulated. 

Oiosely  behind  the  large  tooth  (h)  may  be  observed  four  teeth  of 
a  peculiar  form  (e),  three  of  them  being  in  apposition.  The  largest 
of  these  is  iV  inch  in  length  by  i  in  breadth ;  the  shape  somewhat 
rectangular,  but  from  the  middle  of  one  margin  a  small  angular 
point  projects  over  the  tooth  next  in  advance.  The  margins  are 
crenulated. 

The  remaining  teeth  are  placed  in  advance  of  those  already 
described,  and  most  of  them,  where  their  shape  is  clearly  exhibited, 
present  the  characters  of  Romano wski's  genus  Lophodus, — a  genus 
instituted  for  those  Helodont  teeth  which  possess  a  well-marked, 
more  or  less  compressed,  and  vertically  striated  or  crenulated  root' 
I  Boll.  Soe.  Imp.  Nat  Moscow,  vol.  zxxyii.  1864,  pp.  167-170. 
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Among  these  considerable  variety  of  form  may  be  observed.  One 
at  least  (/)  is  referable  to  L.  didymuSf  Ag.  sp.,  showing  a  broad 
prominent  central  elevation  or  boss,  which  "  posteriorly"  is  distinctly 
divided  into  two  smaller  ones,  below  which  and  dose  to  the  margin 
of  the  crown  is  a  small  angular  prominence.  Though  the  division 
of  the  central  elevation  of  the  crown  is  feebly  indicated  in  at  least 
one  of  the  others,  in  the  rest  it  disappears,  and  the  teeth  assume  the 
characters  of  L.  Imvissimus,  Ag.  sp.  (g) ;  finally,  all  definition  of  the 
boss  ceases,  the  crown  ultimately  becoming  nearly  flat.  In  some  of 
these  ''l<JBvi$8imu8  "  forms  the  boss  is  markedly  unsjrmmetrical,  being 
much  more  sharply  defined  on  one  side  than  on  the  other. 

Concerning  the  rest  of  the  specimen  not  much  is  to  be  said. 
Immediately  behind  the  large  tooth  (a)  there  is  a  flat  piece  of 
osseous  matter  ii  inch  in  length  by  i  in  breadth,  concerning  which 
I  am  unable  to  ofler  any  opinion.  The  remains  of  the  vertebral 
column,  of  which  a  length  of  three  inches  is  preserved,  are  limited 
to  a  set  of  elongated  closely-plcused  spinous  processes,  which  are, 
however,  very  obscurely  seen  ;  there  is  no  trace  of  vertebral  bodies, 
so  that,  as  might  be  expected  in  a  Pal»ozoic  Selachian,  the  notochord 
must  have  been  persistent  One  or  two  minute,  sharply-ridged, 
shagreen  bodies  may  also  be  observed. 

Observations. — Although  the  above-described  specimen  is  one  of 
great  importance  for  Carboniferous  Selachology,  our  first  reflection 
must  be  that  we  are  far  from  having  the  entire  dentition  of  the 
fish  before  us,  and  that  a  considerable  portion  of  the  specimen  must 
have  been  lost.  It  is  very  improbable  that  the  species  possessed 
less  than  four  of  the  large  tooth  plates — one  on  each  side  above 
and  below — but  were  only  one  pair  present  the  two  would  be 
symmetrical  with  each  other.  Here  we  have  two  of  these  plates 
present,  belonging  respectively  to  the  forms  supposed  by  M*Coy  and 
Davis  to  be  the  first  and  second  tooth  of  a  oochliodont  dentition,  but 
the  mode  in  which  they  occur  lends  no  support  whatever  to  that 
theory.  Much  more  probable  does  it  seem  to  me  that  the  view  of 
Messrs.  St.  John  and  Worthen  is  correct,  namely,  that  these  two 
foims  of  teeth  belong  to  different  jaws,  upper  and  lower.  Which 
belongs  to  which  we  have,  however,  no  really  accurate  means  as  yet 
of  determining.  Messrs.  St  John  and  Worthen  refer  the  broader 
teeth  (h  of  the  present  specimen)  to  the  lower  jaw  on  account  of 
''the  somewhat  stronger  resemblance"  which  they  have  in  form 
"  with  the  contour  of  the  mandibular  teeth  of  typical  cochliodonta." 

But  whether  the  form  (a)  or  the  form  (h)  be  upper  or  lower,  I 
must  hold  that  these  larger  tooth  plates  in  Psephodus  present  an 
unmistakeable  analogy  in  form  with  those  of  CocJUiodus.  And  if  this 
be  the  case,  the  long  side  of  each  along  which  the  progressive 
increase  of  the  tooth  took  place  as  indicated  by  the  lines  of  growth, 
must  be  internal  in  position,  and  not  external  as  it  is  placed  by  Mr. 
Davis  in  his  figures.  This  position  also  brings  the  oblique  directions 
of  the  undoubted  anterior  and  posterior  margins  into  harmony  with 
those  of  the  anterior  and  posterior  margins  of  the  great  posterior 
tooth  of  Cochliodus,  and  of  the  lines  sepcurating  the  rows  of  teeth 
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in  the  reoent  Geatracion,  which  all  cross  the  jaw  obliquely  from 
within  outwards  and  forwards — a  direction  precisely  opposite  to 
what  is  seen  in  Mr.  Davis's  hypothetical  figure  of  the  dentition  of 
Psephodus,  Mr.  Davis  seems  to  be  quite  aware  that,  in  placing  the 
teeth  so,  he  has  departed  from  the  analogy  of  CocUiodus,  for,  while 
he  admits  that  in  that  genus  and  in  Cochliodontidse  generally,  the 
inrolled  teeth  increase  from  the  inner  side,  he  states  that  in  Psephodus 
the  increase  takes  place  along  the  opposite  or  outer  side  (op,  cit  p. 
416).    It  does  not  seem  dear  on  what  reasons  this  opinion  is  founded.' 

The  imaginary  nature  of  Mr.  Davis's  restoration  is  further 
illustrated  by  the  fact  that  in  the  present  specimen  the  two  teeth 
of  the  form  supposed  by  Mr.  Davis  to  be  "  posterior  "  and  "  middle  " 
are  nearly  exactly  of  the  same  length.  This  is  indeed  what  we  might 
expect  if  they  belonged  to  upper  and  lower  jaws,  whereas  in  the 
figure  referred  to,  the  supposed  "middle"  tooth  is,  to  suit  the 
tapering  form  of  the  jaw,  much  smaller  than  the  ''  posterior  "  one 
behind  it. 

On  the  whole,  I  consider  that  view  to  be  most  likely  to  be  correct, 
which  would  ascribe  to  the  mouth  of  Psephodus  four  large  tooth- 
plates — two  above  and  two  below — each  occupying  on  the  ramus  a 
position  similar  to  that  of  the  row  of  largest  teeth  in  Ceslracion;  or  of 
the  so-called  median  tooth  of  Cochliodus,  but  that  of  the  upper  jaw 
differing  slightly  in  form  from  the  one  opposed  to  it  below.  If  Messrs. 
St.  John  and  Worthen's  allocation  of  these  larger  teeth  be  correct, 
the  tooth  (a)  of  the  present  specimen  will  belong  to  the  right  half  of 
the  middle  jaw,  while  (6)  will  be  that  of  the  left  half  or  ramus  of 
the  mandible. 

The  subtrigonal  tooth  considered  by  M^Coy  and  Davis  as 
"  anterior  "  does  not  occur  in  our  specimen,  but  it  clearly  appertains 
also  to  Psephodus,  and  there  is  no  reason  why  it  should  not  also  have 
occupied  a  position  in  front  of  the  large  ones  (a  or  6). 

Teeth  of  different  forms  seem  to  have  been  present  in  the  jaw 
external  to,  and  in  front  of  the  large  plate ;  those  in  its  immediate 
vicinity  belonging  more  or  less  to  the  category  of  JSehdus  planus, 
including  the  peculiar  forms  figured  (6),and  that  reaemhlmg  Helodus 
rudis*  But  the  front  of  the  jaw  was  armed  with  small  teeth  belong- 
ing to  the  type,  which  has  been  designated  as  Lophodus  by  Roman- 
owski,  and  the  forms  didymus  and  Icsvissimus,  both  named  as  species 
of  Helodus  by  Agassiz.  Hence,  not  only  must  those  species  be 
merged  in  Psephodus,  but  the  genus  Lophodus,  founded  upon  B, 
didymus  and  idlied  forms,  ceases  to  have  any  but  a  conventional 
existence.  It  would,  I  think,  have  been  well,  before  separating  off 
any  new  genera  from  the  old  Helodus  of  Agassiz,  to  have  sought 
for  more  precise  information  as  to  the  essential  characters  of  the 
Coal-measure  species  H.  simplex,  which,  as  it  occurs  first  both  in 

'  In  placing  the  long  or  obtusely  angolated  margin  of  the  supposed  "  posterior  *' 
tooth  {b  of  onr  specimen)  outwards,  Mr.  Daris  apparentlyfollowsli'Coy*s  description. 
But  in  describing  the  supposed  **  middle"  tooth  (/i)  M*Coy  calls  its  long  margin 


**  inner,*'  and  though  Mr.  Dayis  quotes  this  description  yerbatim,  he,  nevertheless, 
with  some  inconsistency  places  we  long  margin  in  exactly  the  reyerse  position, 
namely,  external. 
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Agassiz's  systematic  catalogue  and  in  his  descriptions,  must, 
according  to  the  rules  usually  followed,  be  considered  as  the  type  of 
the  genus.^  It  is  to  be  hoped  that  more  satisfeMStory  information  as  to 
the  real  characters  and  affinities  of  that  form  may  soon  be  forth- 
coming. Meanwhile  it  would  seem  that  the  teeth  known  as  Zopliodus 
are  in  fact  those  situated  in  the  anterior  part  of  the  mouth  of  genera 
more  or  less  allied  to  CocMiodus,  For  although  Professor  Owen,  in 
his  paper  ^'  On  the  Teeth  of  Cochliodonts,"  held  that  there  is  **  no 
ground  for  assuming  that  the  symphyses  were  prolonged,  as  in 
Cestracion,  for  the  support  of  conical  or  any  other  teeth,"  *  Messrs. 
Newberry  and  Worthen  have,  as  is  well  known,  described  a  species 
of  CochlioduB  (C  nobilis)  from  the  Carboniferous  Limestone  of 
Illinois,  in  which,  with  the  Cochliodont  plates,  were  associated  teeth 
of  decidedly  Lophodont  configuration  (Hdodus  nobilisy  N.  &  W.)  in 
such  a  way  as  to  lead  to  the  belief  that  these  '*  occupied  the  central 
portion  of  the  jaw  in  two  or  more  rows  between  the  large  convoluted 
teeth  which  we  have  described  under  the  name  of  Cochliodus  nobilis.** 
And  regarding  the  very  species  of  Lophodus  occurring  on  our  present 
specimen,  these  authors  remark  on  a  previous  page : — **  The  median 
teeth  of  CochlioduSf  a  group  which  must  include  several  described 
species  of  Eelodua  (e.g.  J7.  kBVi$»imu8,  H.  didymus,  2L  turgidus,  eta), 
have  been  found  in  regularly  diminishing  series  like  some  of  those 
now  figured." '  It  is  now  shown  that  two  of  those  (viz.  lavissimuB 
and  didymua)  occupied  a  position  in  the  front  of  the  mouth  of 
Fsephodus,  which,  although  not  CocKUodua,  has  certain  obvious 
points  of  affinity  with  it  Fsephodui  is  still  included  in  the  Cochlio- 
dontid89  by  Messrs.  St.  John  and  Worthen.* 

EXPLANATION  OF  PLATE  VIII.» 

Fio.  1.    Anterior  part  of  the  specimen  of  Ftfphodut  magnm  described  in  the  text, 
showing  what  remains  of  the  teeth  and  cartilage  of  the  jaws. 

(a)  Tooth  supposed  to  be  the  <*  middle  *'  tooth  of  Psephodut  magnut 

by  M*Coy  and  Daris,  seen  from  its  attached  surface. 

(b)  Portion  of  tooth  supposed  by  these  authors  to  be  the  **  posterior" 

tooth. 
(jf)  Teeth  referable  to  ffelodm  or  Zophodut  kevissimus. 
„     2.    Portion  of  the  same  specimen  split  off  and  turned  up,  showing  additional 
teeth. 
Tooth  whose  broken  margin  is  shown  at  6  in  the  prerious  figure. 
Tooth  of  type  of  Stlodus  rudit,  M*Coy. 
(d)  Sehdus  pianui. 
W  Selodont  teeth  of  peculiar  form. 
{A  Stlodus  or  Lophodut  didymua. 
(ff)  Belodut  or  Zcphodut  UBvi$$imu$, 
,,     3.    Tooth  a  in  Fig.  1,  seen  ^om  its  conyex  surface. 
„     4.     Tooth  b  in  Figs.  1  and  2,  seen  from  its  convex  surface. 

^  Nott  added  July  20th.  A  recent  examination  of  the  specimens  of  Helodpta 
•implex  in  the  British  Museum  has  convinced  me  that  these  teeth  are  truly 
**I.ophodont"  in  form,  and  consequentiy  the  genus  Lophodut  must  be  altogether 
abolished. 

*  Geol.  Mao.  Vol.  IV.  1867,  pp.  69-63. 

'  Geol.  Survey  of  Illinois,  vol.  li.  Palaeontology,  p.  74. 

*  Geol.  Survejr  of  Illinois,  vol.  vii.  Palseontolo^. 

^  [This  Plate  is  by  permission  of  the  Council  of  the  Geol.  Soc.  of  Glasgow  allowed 
to  appear  in  the  Geological  Magazine.] 
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n. — On   Some  Pal2bozoio   Phtllopod-Shtblds,  and    on  Nbbalia 
AND  ITS  Allies. 

By  Hbnby  Woodward,  LL.D.,  F.R.S.,  F.G.S.,  etc. 

(PLATE  IX.  Fia«.  1-6.) 

IN  a  paper  lately  published  in  the  "  Neues  Jahrbuch  "  (Band  i. 
1884),  Herr  W.  Dames,  of  Berlin,  has  made  some  observations 
"  On  the  Phyllopod-nature  of  Spathtocaris,  Aptychopsis,  and  similar 
bodies,"  met  with  in  strata  of  Silurian,  Devonian  and  Carboniferous 
ages  in  Europe  and  North  America,  and  described  by  Barrande, 
Salter,  M'Coy,  Meek,  Hall,  Clarke,  Jones,  myself,  and  others. 

After  an  elaborate  criticism  of  the  subject,  the  author  concludes  : — 

1. — That  some  of  the  bodies  in  question  are  the  Aptychi  of 
GoniatiUB, 

2. — That  for  others,  this  explanation  is,  according  to  our  present 
knowledge,  inadmissible. 

3. — That  the  last  are,  however,  in  no  case  Phyllopods. 

(1.)  In  reference  to  the  first  conclusion,  Herr  Dames  refers  to  tbe 
discovery  by  Herr  Kayser  of  a  specimen  of  Ooniatites  intumescens, 
from  the  Devonian  of  Bicken,  with  an  Aptychus  lying  in  its  body- 
chamber  (Zeitschrift  der  Deutsch.  Qeol.  Gesellsch.,  1882,  bd.  xxxiv. 
p.  819).  Not  having  seen  the  specimen  briefly  referred  to  by  Herr 
Eayser  (of  which  no  figure  is  given),  I  was  unable  to  offer  an 
opinion  as  to  the  correctness,  or  otherwise,  of  Herr  Dames'  conclusion. 

The  British  Museum  has,  however,  lately  obtained  from  Erantz  and 
Co.,  of  Bonn,  several  specimens  of  these  Aptychua-Wke^  bodies, 
from  the  black  limestone  of  Bicken ;  and  my  colleague,  Mr.  Hobert 
Etheridge,  jun.,  has  fortunately  discovered  among  them  a  specimen 
of  a  small  Ooniatites  iniumescena  with  an  imperfect  Aptychus  in  sitii 
in  its  mouth-aperture. 

I  give  a  figure  of  the  specimen  in  the  accompanying  Plate  (PI. 
IX.  Figs.  1,  2). 

This  Aptychus  seems  to  agree  most  nearly  in  form  with  my  so- 
called  "  Cardiocaris  IcUa,^*  from  Bndesheim  in  the  Eifel,'  also  observed 
by  Mr.  Clarke  at  Bicken.'  The  other  specimens  of  Aptychus-like 
bodies,  not  in  situ,  but  from  the  same  black  Devonian  limestonci 
agree  very  closely  with  Mr.  J.  M.  Clarke's  Spathiocaris  Koeneni  (see 
Neues  Jahrbuch,  1884,  bd.  i.  hft.  2,  p.  182,  taf.  iv.  fig.  1),  from  Bicken. 

The  disooveiy  made  by  Herr  Eayser,  at  Bicken,  of  a  Goniatite- 
shell  with  an  Aptychus  lying  in  its  body-chamber,  and  casually 
noticed  in  1882/  having  now  been  verified  by  the  finding  of  another 

*  Labelled  **  SCronuUopora eoncentriea,  Goldf.,  Culm,  Bicken bei  Herbom,  Nassau." 
I  have  also  received  a  specimen  of  Aptyehw  from  my  friend  Mr.  John  Edward  Lee, 
F.G.S.,  of  Torquay,  sent  to  him  by  Prof.  Ferd.  Koemer,.of  Breslau,  and  labelled 
*'  Aptyehopiiij  sp.  s  operculum  of  Gofiiatite*  intumetMnt^  Upper  Devonian,  Bicken, 
near  Herbom,  Nassau,''  in  Dr.  Roomer's  own  handwriting. 

>  See  Geol.  Mao.  1882,  Dec.  II.  VoL  IX.  PI.  IX.  Fig.  13,  p.  388. 
'  See  **  Ueber  deutsche  oberdevonische  Crustaceen  von.  J.  M.  Clarke*  xur  zeit  in 
Gottin^/'  Tafel.  iv.  fig.  2,  N.  Jahrbuch  f.  Min.  etc.  1884,  bd.  i.  p.  181. 

*  Zeitschr.  der  Deutsch.  Geol.  Gesellsch.  bd.  xxxiv.  p.  819. 
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specimen,  in  which  the  Aptychus  is  seen  fitting  the  aperture  of  the 
mouth  of  the  shell  (as  first  observed  in  Ammonites 
subradiatus  from  the  Inferior  Oolite  of  Dundry,  and 
described  by  the  late  Dr.  S.  P.  Woodward,  F.G.S. ; 
see  "  (Geologist,"  1860,  vol.  iii.  p.  328,  and  woodcut 
figure),  it  will  be  necessary  to  re-examine  with, 
great  care  all  those  forms  of  supposed  Phyllopod- 
shields  which  occur  in  beds  in  which  Qonatities  have 
been  found.  But,  even  after  this  task  has  been 
carefully  perfoimed,  we  feel  convinced,  with  Herr 
Ammonite,  with      Dames : — 

From^Si^w'  (2.)    "That  for  others,  this  explanation  is,  ac- 

Oolite  Dundry.      cording  to  our  present  knowledge,  inadmissible." 

And  here  it  is  only  necessary  to  refer  the  reader 
to  the  Reports  drawn  up  by  Professor  T.  Hupert  Jones,  F.R.8.,  and 
myself,^  on  the  Phtllopoba,  in  order  to  confirm  Herr  Dames'  own 
conclusion  that  all  the  simple  disc-like  or  bivalved-shields,  met 
with  in  the  older  rocks,  cannot  be  referred  to  the  opercula  of  the 
Cephalopoda. 

Then  as  to  the  substance  of  these  Jp/yc%««-like  forms,  it  is  not 
without  interest  to  notice,  that  whereas  the  greater  number  of  the 
Mesozoic  Ammonitida  had  thick  shelly  opercula,  only  a  very  few 
had  thin  homy  ones.  I  do  not  understand  Herr  Dames  clearly  if 
he  says  that  the  Aptychi  of  Secondary  Ammonites  consist  of  only  one 
piece,  I  have  examined  a  very  great  number,  and  they  all  have 
a  mesial  suture  and  most  of  them  readily  divide  into  the  two  halves, 
corresponding  with  the  two  conjoined  dorsal  arms,  which  form  the 
hood  in  the  recent  Nautilus,  and  which  secreted  the  shelly  operculum 
in  the  Ammonites. 

There  are  many  special  characters  about  these  Palaozoic  Phyllopod- 
shields  that,  even  when  they  are  not  found  associated  with  body- 
segments,  will  require  to  be  carefully  examined  before  they  can  all 
be  referred  to  Goniatites, 

We  would  draw  attention  to  the  vaned  form  of  the  notch ;  the 
absence  in  some,  and  the  presence  in  others,  of  the  dorsal  suture ; 
the  presence  in  different  genera  of  the  rostral  portion  of  the  shield 
in  the  circular  and  oval  forms,  and  the  possible  existence  in  some  of 
a  hinder  trigonal  shield-piece  {Pholadocaris,  Dipterocaris) ;  the  shape 
of  the  shield  itself;  the  ornamentation;  and,  lastly,  the  substance 
composing  it  Usually  it  is  possible  to  discern  the  difference  in 
character  between  Crustacean  and  Molluscan  structures,  as  also 
between  these  and  obscure  ichthyic  fragments. 

It  is  desirable  to  add,  that  many  of  the  genera  to  which  Herr 
Dames  takes  exception  were  not  hastily  established,  nor  without 
study  on  the  part  of  their  founders.  Barrande  and  Salter  always  pro- 
ceeded with  extreme  caution,  and,  if  we  have  been  sometimes  misled 

»  Geol.  Mao.  1883,  Decade  II.  Vol.  X.  pp.  461-464.  Op.  eit.  1884,  Decade 
III.  Vol.  I.  pp.  348-366,  and  more  fully  in  hiit,  Assoc.  Beports,  Southport,  1883, 
and  Montreal,  1884,  Section  C.  Geology. 
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in  the  diagnosis  of  a  fossil,  we  have  most  readily  and  gladly  corrected 
such  error  when  our  attention  has  been  drawn  to  it. 

(3.)  In  the  third  conclusion,  ''thateyen  those  forms  which  cannot 
be  referred  to  Aptychi  of  Cephalopods,  are  in  no  case  the  shields  of 
Phyllopods,"  Herr  Dames  is  simply  stating  a  matter  of  opinion ;  for 
of  their  exact  nature  and  true  zoological  position  Glaus  himself  (to 
whom  he  seems  to  refer)  is  not  at  all  positive,  whilst  Dames  admits 
that  he  has  not  examined  the  original  specimens. 

As  an  illustration  of  unsupported  dogmatic  assertion,  take  the 
following  paragraph  in  reference  to  the  body-rings  of  Discinocaris  ; 
"  Even  if  the  structures  observed  are  really  body-rings,  no  stronger 
proof  against  their  phyllopod  nature  could  be  brought  forward ;  for 
the  body-rings,  as  well  as  all  the  other  parts,  of  the  Phyllopod 
(except  the  shell),  are  too  tender  and  fragile  to  remain  recognizable 
in  beds  of  such  great  age  "  ^  (Dames,  op.  cit.). 

In  the  presence  of  the  long  array  of  Insect-remains,  of  the  most 
delicate  and  fragile  character,  discovered  in  the  Devonian  and 
Carboniferous  formations,  from  North  America,  Prance,  England, 
Belgium,  Bohemia,  and  elsewhere,  this  argument  against  the  possi- 
bility of  delicate  organisms  being  preserved  falls  to  the  ground ; 
whilst  the  relative  thickness  and  durability  of  the  calcareous  or 
chitinous  covering  of  the  body-segments  in  these  ancient  Crustacea 
afford  no  proof  for  or  against  their  Phyllopod  nature,  any  more 
than  does  their  relatively  greater  size  when  contrasted  with  existing 
Entomostraca.  Moreover,  body-rings  of  Ceratiocaris  are  by  no 
means  rare  in  some  Silurian  strata. 

I  have  long  held  the  opinion  that  the  expanded  disc-like  shields 
such  as  Peltocaria,  Disdnocaris,  Aptychopsis,  and  some  others,  were 
probably  related  ancestrally  to  the  larval  or  adult  forms  of  Phyllo- 
pods  like  Apua,  Lepidurua,  etc.,  whilst  the  relationship  between  the 
living  Nehalia  and  the  numerous  genera  of  Palsdozoic  pod-shrimps, 
does  not  necessarily  preclude  us  from  considering  these  forms  as 
still  belonging  to  the  Entomostraca,  although  they  may  be  placed 
in  Packard's  order  Phyllooabida  (see  infra). 

As  to  the  question  of  ornamentation,  upon  which  Herr  Dames 
insists  so  strongly,  the  concentric  striae,  marking  lines  of  growth, 
appear  to  me  to  correspond  most  closely  in  character  and  origin 
with  the  similar  decoration  observable  on  the  valves  of  Estheria, 
Limnadiat  eta,  so  that  their  absence  upon  the  carapaces  of  Apus 
and  Nehalia  does  not  necessarily  prove  that  shields  so  ornamented 
cannot  be  deemed  to  belong  to  Crustacea  or  even  to  the  Phtllopoda  ; 
whilst  many  of  the  carapaces  of  the  fossU  genera,  e.g.  IHthyrocari$, 
Ceratiocaris,  etc.,   have    either    concentric  or  anastomosing  striae 

'  Prof.  A.  Ton  Eoenen,  replying  to  Herr  Damee,  on  behalf  of  Mr.  J.  M.  Clarke, 
Tery  justly  obserree,  **  I  cannot  see  that  this  at  all  meets  the  argument,  since  the 
relative  a^e  of  strata  is  of  altogether  little  influence  on  the  presenration  of  fossils  ; 
on  the  other  hand,  there  are  plenty  of  examples  in  which  fossil  animals  have  been 
furnished  with  hard,  homy  and  even  calcareous  parts  which  are  wanting  in  their 
nearest  recent  analogues.  I  will  only  recall  here  Aptychut  and  Anapiychm^  von 
Koenen."  (N.  Jahrbuch  ii.  Bd.  i.  Heft.  1884,  p.  46.)  » 

1  The  reeent  NavHlui  has  a  fleshy  hood ;  the  fossil  Ammonite  had  usually  a  hard  calcareous 
op^reulum,  but  in  some  Liaatio  forms  the  operculum  was  homy. 
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oovering  the  entire  surface  of  their  carapaces ;  yet  Herr  Dames  has 
evidently  no  doubt  that  these  forms  are  related  to  Nebalia,  which  has 
a  smooth  carapace  destitute  of  ornamentation. 

He  reminds  us  that  Claus  and  Gerstaeker  are  of  opinion  that 
Nehalia  is  not  a  PhyUopod.  Because  Nebalia  during  its  embryonal 
life  (whilst  still  in  the  egg)  passes  through  the  "  Nauplius-"  and 
'*  Zoea-st€iges,"  which  in  Decapods  occur  partly  in  the  free  state,  it 
has  been  regarded,  by  some,  as  a  "  Phyllopodi  form -Decapod ;  "  but 
as  it  never  attains  a  higher  development  as  an  adult  than  that  of 
a  Phyllopod,  and  has  no  retrograde  metamorphosis,  may  we  not 
with  as  equal  reason  regard  Nehalia  as  a  highly-organized  Phyllopod, 
as  to  assert  that  it  is  a  Decapod  arrested  at  the  Phyllopod  stage  ?  ^ 

All  who  have  studied  the  Phyllopoda  have  been  struck  by 
the  peculiar  points  of  special  interest  to  be  observed  in  Nehalia} 

Milne-Edwards,  in  his  *<  Histoire  Naturelle  des  Crustaoee"  (1840), 
places  Nehalia  in  the  family  ApusidoB  among  the  Phyllopods ;  at  the 
same  time  he  remarks,  *'  The  Nehalia  are  very  singular  little  crusta- 
ceans, which  by  reason  of  their  stalked  eyes,'  and  their  carapace, 
approach  the  Podophthalmia  ;  they  do  not  however  possess  branchiae, 
properly  so-called,  but  they  respire  by  the  aid  of  their  thoracic  feet, 
which  are  developed  into  membranaceous  and  foliaceous  appendages. 
They  resemble  in  many  respects  and  establish  a  passage  between 
Mysis  and  Apue.*' 

Baird  (1850)  founded  the  family  Nehaliada,  and  regarded  Nehalia 
as  a  Phyllopod. 

Prof.  J.  D.  Dana  (1853),  in  his  great  work  on  the  Crustacea  retained 
the  family  name  {Nehaliada)  y  which  he  placed  in  the  Phtllopoda. 

Metschnikoff,  in  1865,  published  an  abstract  of  his  account  of  the 
development  of  Nehalia  Oeoffroyi,  and  in  1868,  the  full  essay  in 
Hussian.  Fritz  Miiller,  in  his  ^'Fiir  Darwin,"  states  that  Metschnikoff 
has  observed,  ''that  Nehalia,  during  its  embryonal  life,  passes 
through  the  Nauplius  and  Zoea-stages,  which  in  the  Decapoda 
occur  partly  (in  PentBus)  in  the  free  state."  "Therefore,"  he  adds, 
"  I  regard  Nebalia  as  a  Phyllopodiform  Decapod." 

In  1872,  Claus  gave  an  account,  with  excellent  figures,  of  the 
external  anatomy  of  Nehalia  Geoffroyi,  and,  in  1876,  he  described  the 
internal  anatomy. 

In  1875,  in  the  account  of  the  Atlantic  Crustacea  of  the 
"Challenger  Expedition,"  Willemoes-Suhm  placed  the  NehaUadm 
among  the  Schizopoda. 

^  The  potmtiality  of  a  form  to  attain  to  a  higher  existence  seems  to  be  mistaken 
here  fur  aetuaiitf/.  It  is  the  story  of  the  French  soldier  with  the  marshal's  baton  in 
his  knapsack  and  the  American  boy  who  feels  within  him  the  potentiality  of  becoming 
totne  day  President ! 

^  For  a  yery  full  and  admirable  acconnt  of  Nebalia  see  the  12th  Annual  Beport  of 
the  United  States  Geological  Surveys,  Part  I.  Qeology,  Palaeontology  and  Zoology, 
8vo.  1883  (Washington),  **A  Monograph  of  the  Phyllopod  Crustacea  of  Norm 
America,  with  remarks  on  the  order  Fhylioearida^*^  by  A.  S.  Packard,  jun.,  pp. 
295-592,  and  plates  i.-zxiix.  See  also  the  **Amencan  Naturalist"  fur  (^. 
Nov  and  Dec.  1882,  vol.  xvi.  pp.  786,  861,  946. 

^  Pedunculated  eyes  are  also  present  in  Braneh^mt  and  ArtemiUf  so  that  the 
stalked  eyes  of  NebtUia  can  hardly  be  regarded  as  an  essential  character. 
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In  1879,  Dr.  A.  S.  Packard,  jun.,  in  the  "  American  Naturalist," 
vol.  xiii.  p.  128,  proposed  that  Nebalia  and  its  fossil  allies  should 
be  placed  in  a  new  order,  which  he  proposed  to  name  the  Phtllo- 
OABiBA.     Dr.  Packard  writes  : — 

*'  The  Nebaliada,  represented  by  the  existing  genus  Nebalia,  have 
generally  been  considered  to  form  a  family  of  Phyllopod  Crustacea. 
Metschnikoflf,  who  studied  the  embryology  of  Nebalia,  considered  it 
to  be  a  *  Phyllopodiform  Decapod.'  Besides  the  resemblance  to  the 
Decapods,  there  is  also  a  combination  of  Copepod  and  Phyllopod 
characteristics.  The  type  is  an  instance  of  a  generalized  one,  and 
is  of  high  antiquity,  having  been  ushered  in  during  the  earliest 
Silurian  Period,  when  there  were  (when  we  regard  the  relative  size 
of  most  Crustacea,  and  especially  of  living  Nebalia)  gigantic  forms,  i 
Such  was  Bithyrocaris,  which  must  have  been  over  a  foot  long,  the 
carapace  being  seven  inches  long.^  The  modem  Nebalia  is  small, ' 
about  half  an  inch  in  length,  with  the  body  compressed,  the  carapace 
bivalved  as  in  lAmnadia,  one  of  the  genuine  Phyllopods.  There  is 
a  large  rostrum  overhanging  the  head ;  stalked  eyes ;  and,  besides 
two  pairs  of  antenns  and  mouth-parts,  eight  pairs  of  leaf-like,  short, 
respiratory  feet,  which  are  succeeded  by  swimming  feet  There  is 
no  metamorphosis,  development  being  direct 

Of  the  fossil  forms,  Hymenocarin  was  regarded  by  Salter  as  '  the 
more  generalized  type.'  The  genera  Fettocaris  and  JXscinocaris 
characterize  the  Lower  Silurian  Period,  Ceratiocarii  the  Upper, 
Dictyocaris  the  Upper  Silurian  and  the  lowest  Devonian  strata, 
Dithyrocaris  and  Argas  the  Carboniferous  Period.  Our  existing 
north-eastern  species  is  Nebalia  bipes  (Fabricius),  which  occurs 
from  Maine  to  Qreenland. 

The  Nebaliads  were  the  forerunners  of  the  Dboapoda,  and  form, 
we  believe,  the  type  of  a  distinct  order  of  Crustacea,  for  which  the 
name  Phyllooabida  is  proposed." 

The  order  Phtllooarida  is  thus  defined  : — 

Phtllooarida,  Packard  (1879).  Body  long,  with  6  cephalic, 
8  thoracic,  and  8  abdominal  segments,  with  a  thin  or  chitinous  skin  ; 
generally  covered  with  a  bivalved  shell  having  a  moveable  rostrum. 
Eyes  pedunculated  and  faceted.  Upon  the  under  side  of  the  head 
are  two  pairs  of  antennsB ;  the  mandibles,  and  two  pairs  of  maxillsB 
furnished  with  palpi.  The  body-segments  are  compressed,  they 
support  eight  pairs  of  large  Phyllopodiform  thoracic  feet.  The 
abdomen  composed  of  eight  large  segments,'  provided  with  six  pairs 
of  simple  swimming-feet  fringed  with  setae,  of  which  the  four  anterior 
pairs  are  the  largest,  and  the  two  posterior  pairs  ai*e  very  small. 
The  abdomen  terminates  in  setaceous  filaments,  or  in  a  telson 
divided  into  three  or  more  parts.  (Zittel,  "  Handbuch  der  Palseon- 
tologie,"  Munich,  i.  Band,  ii.  Abth.,  iv.  Lief.  p.  666,  July,  1885.) 

^  The  Deyonian  Dithyroearit  Neptuni  of  Hall  must  haye  been  some  two  feet  or 
perhoDs  more  in  length. 

'  The  abdomen  is  nine-jointed,  nnlees  the  last  somite  be  considered  as  the  telson 
(it  is  post- anal).  It  is  a  loag  and  slender  segment,  and  bears  two  very  long  narrow 
setigeroos  cercopods,  closely  resembling  those  of  the  Copefoda. 
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In  1880,  Prof.  Glaus,  "Lehrbuoh  der  Zoologie,"  writes,  "This 
remarkable  form  (Nebalia)  was  for  a  long  time  regarded  as  a 
Phyllopod,  and  in  many  of  its  characters  it  represents  a  connecting- 
link  between  the  Phyllopod  a  and  the  Malaoostbaoa.  The  structure 
and  segmentation  of  the  head  and  thorax  resembles  that  of  the 
Malacostraca,  but  the  terminal  region  of  the  abdomen  does  not 
present  the  special  form  of  a  caudal  plate  or  telson. 

In  Nebalia  we  probably  have  to  do  with  an  offshoot  of  the 
Phyllopod-like  ancestors  of  the  Malaoostraoa,  which  has  persisted 
to  the  present  time."  ^  He  adds,  "  Nebalia  is  best  placed  in  a  special 
group  Leftostraoa,  between  the  Entomostbaoa  and  Malacostbaca. 
The  Palwozoic  genera  HymenocariSy  Feliocaria,  etc.,  would  have  to  be 
placed  in  such  a  group."  ' 

In  his  "  Handbuch  der  Palroontologie,"  Munich,  1885,  Prof.  Dr.  K. 
A.  Zittel  adopts  Packard's  order  Phtllooarida,  but  places  it  under 
the  Malaoostbaoa,  and  between  the  Edbiophthalmia  and  the 
Mebostomata. 

In  his  article  on  the  PalsBOZoic  allies  of  Nebalia,  Mr.  A.  S.  Packard, 
jun.,  thu3  sums  up  the  Phtllooabida  :  "  From  our  total  lack  of 
any  knowledge  of  the  nature  of  the  limbs  of  the  fossil  Phtllo- 
oarida, we  have  to  be  guided  solely  by  analogy,  often  an  uncertain 
and  delusive  guide.  But  in  the  absence  of  any  evidence  to  the 
contrary,  there  is  every  reason  to  suppose  that  the  appendages  of  the 
head,  thorax,  and  abdomen  were  on  the  type  of  Nebalia,  since  there 
is  such  a  close  correspondence  in  the  form  of  the  carapace,  rostrum, 
and  abdomen. 

**  But  whatever  may  be  the  differences  between  the  fossil  forms 
represented  by  Ceratioearis,  etc.,  they  certainly  seem  to  approach 
Nebalia  much  nearer  than  any  other  known  t^pe  of  Crustacea ;  they 
do  not  belong  to  the  Dboapoda  ;  they  present  a  vague  and  general 
resemblance  to  the  zoea  or  larva  of  the  Decapods,  but  no  zoea  has  a 
telson,  though  one  is  developed  in  a  postzoeal  stage ;  they  do  not 
belong  to  any  other  Malacostraoous  type,  nor  do  they  belong  to 
any  existing  Entomostracous  type,  using  those  terms  in  the  old 
sense.  No  naturalist  or  palaaontologist  has  referred  them  with 
certainty  to  the  Decapods,  or  to  any  other  Crustacean  type  than  the 
Phyllopods.  To  this  type  (in  the  opinion  of  Metschnikoff  and 
Claus,  who  have  studied  them  most  closely)  they  certainly  do  not 
belong,  and  thus  reasoning  by  exclusion  they  either  belong  to  the 
group  of  which  Nebalia  is  a  type,  or  they  are  members  of  a  lost, 
extinct  group.  The  natural  conclusion,  in  the  light  of  our  present 
knowledge,  is,  that  they  are  members  of  the  group  represented  by 
the  existing  Nebalia,**  *'  The  differential  characters  separating  them 
from  the  Decapods  or  any  other  Malacostraoous  type  are : — 

1.  The  loosely-attached  carapace,  the  two  halves  connected  by  an 
adductor  muscle. 

»  Clans,  translated  by  Sedgwick  (Cambridge),  p.  448,  8to.,  1884. 

'  Ibiii,  in  a  footnote  to  p.  448.  Leptostraca. — The  Leptostraea  (Claus)  are  thns 
defined:  ** Crustacea  with  thin  skins,  mostly  bivalved,  and  with  carapaces  under 
which  the  body-rings  remain  separate  as  free  body-sej^ents  "  (Zittel's  Handbuch 
der  Pal»ontologie,  July,  1885,  L  ^and,  ii.  Abth.,  iy.  lief.  p.  655.) 


Digitized  by 


Google 


and  on  Nebalia^  and  its  Allies.  351 

2.  The  moveable  rostrum,  loosely  attached  to  the  carapace. 

3.  The  very  long  and  large  mandibular  palpus ;  the  long  slender 
appendage  of  the  first  maxilla,  and  the  very  long  bi-ramous  maxillad. 

4.  The  absence  of  any  maxillipeds. 

5.  The  eight  pairs  of  pseudo-phy  Hoped  thoracic  feet,  not  adapted 
for  walking. 

[To  these  we  would  add : — &a.  The  *  telson '  long  and  slender, 
with  two  long  narrow  setigerous  ceroopods  as  in  the  Gopepoda.] 

6.  The  animal  swimming  on  its  back. 

7.  No  zoea-formed  larva. 

The  characters  which  separate  it  from  the  Phyllopods  are : — 

1.  Carapace  not  hinged ;  a  rostrum  present. 

2.  Two  pairs  of  well-developed  long  and  large  multiarticulate 
antennae ;  the  hinder  pair,  in  the  male,  longer  than  the  first  pair. 

3.  The  thorax  and  its  appendages  clearly  dififerentiated  from  the 
abdomen.'*  * 

Nebalia  has  been  so  long  regarded  as  the  surviving  representative 
of  those  more  ancient  and  gigantic  forms  of  Phtllooarida,  which 
existed  in  such  numbers  in  the  Cambrian  and  Silurian  Seas,  and 
became  nearly  extinct  towards  the  close  of  the  Carboniferous  epoch, 
that  any  decision  affecting  its  zoological  position  cannot  be  a  matter 
of  indifference  to  the  paladontologist. 

But  after  studying  its  larval  development,  and  adult  structural 
modifications,  we  arrive  at  the  fact  that  Nebalia  is  a  more  generalized 
type  than  is  ordinarily  to  be  found  at  the  present  day,  "  combining 
Copepod,  Phyllopod,  and  Decapod-like  features,  with  other  more 
fundamental  characters  of  its  own,'"  which  preclude  us  from  re- 
garding it  as  a  true  Malacostraoan,  and,  although  ancestrally  related 
to  that  order,  it  nevertheless  does  not  attain  in  my  opinion  to  the 
Malacostraoan  grade  of  development.'  lliey  should  therefore  be 
arranged  in  a  distinct  order  (the  Phyllooarida),  between  the  Ento- 
MOSTRAOA  and  the  Malaoostraoa,  as  suggested  by  Claus.  But  if  it 
is  undesirable  to  have  such  an  outstanding  group,  then  I  contend 
that  the  balance  turns  in  favour  of  retaining  it  in  the  former  division, 
if  not  indeed  in  the  order  Phtllopoda  as  heretofore. 

'*  It  is,"  writes  Prof.  Claus,  "  in  the  highest  degree  probable,  how- 
ever, that  all  these  '*  (Palaeozoic  Phyllooarid-b)  "  are  not  true  Phyllo- 
pods, but  have  belonged  to  a  type  of  Crustacea,  of  which  now  there 
are  no  living  representatives,  but  which,  taking  their  origin  from 
forms  allied  to  the  lower  types  of  Entomostraoa,  have  prepared  the 
way  for  the  Malacostraoan  type.  Such  a  connecting  link,  which  has 
served  to  the  present  day,  we  evidently  find  in  the  genus  Nebalia,"  * 

^  American  Naturalist,  1882,  toL  x?i.  p.  961  ;  and  Monograph  N.  Amer. 
Phyllopods,  etc,  1883,  pp.  447-8.  «  Packard. 

'  Dr.  Packard  writes,  **  There  is  little  to  indicate  that  the  Schizopods  (MyaUt  etc.) 
hare  descended  from  a  iVi^^a/Mi-like  form,  but  rather  from  some  accelerated  zoea 
form ;  while  the  Phtlloca&ida  havs  had  no  Deeapod^blood  m  them,  so  to  say,  but 
have  descended  by  a  separate  line  from  Copepod-like  ancestors,  and  culminatea,  and 
even  began  to  disappear,  before  any  Malacostraca,  at  least  in  any  numbers,  appeared  *' 
(American  Naturalist,  1882,  vol.  xvi.  p.  873). 

*  Claus  in  Siebold  and  KoUiker's  Zeitschnft^  uiL  1872,  p.  829. 
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From  noticing  a  Goniatite-ilpfycAtM  in  0t<t2,  I  have  quite  un- 
intentionally been  led  into  a  lengthened  discussion  upon  Phy Hoped 
shields  and  the  relations  of  the  living  Nebalia  to  the  ancient 
Phyllooabiba. 

Some  of  the  results  of  this  paper  I  may  briefly  summarize  thus : — 

1.  I  have  acknowledged  that  some  of  the  supposed  "Phyllopod- 
shields"  from  Budeeheim  described  by  me  (Gbol.  Mao.  1882, 
Decade  II.  Vol.  IX.  pp.  385-390,  PL  IX.)  are  probably  Aptychi  of 
Qoniatttee, 

2.  That  for  others  of  the  described  Palaeozoic  Phyllopods,  alluded 
to  in  Prof.  T.  R.  Jones's  Beports  of  1883-84,  this  explanation  is 
inadmissible. 

3.  That  those  which  cannot  be  referred  to  Aptychi  are  still,  in 
all  probability,  Phyllopods. 

4.  That  even  the  Nebcdia-Vike  forms,  now  placed  in  the  order 
Phtllogabtda,  are  certainly  not  Decapods.  And  even  if  they  may 
not  with  propriety  be  retained  any  longer  in  the  old  order  Phtllo- 
PODA  (of  which  I  am  by  no  means  sure),  yet  they  may  with  more 
correctness  be  placed  beside  them  in  the  Emtomostraoa,  rather  than 
in  the  Malagostbaoa,  seeing  they  have  not  actually  attained  to  the 
grade  of  the  latter,  but  only  approached  to  its  larval  development ; 
whilst  to  the  former  the  adult  Nebalia  has  many  very  strong  points 
of  affinity. 

I  cannot  conclude  these  remarks  without  observing  that,  whilst 
de])recating  the  tone  of  parts  of  Herr  Dames's  criticism  of  my  work 
as  at  times  too  dogmatic  for  one  who  has  not  himself  specially 
studied  this  group  of  organisms,  and  as  not  calculated  to  promote 
friendly  feeling  between  fellow-workers,  yet  I  would  express  the 
hope,  that,  even  though  we  differ  in  opinion,  we  may  still  maintain 
the  same  good  relations  as  heretofore. 

EXPLANATION    OF   PLATE   IX.  Fio8.  1-6. 

Fio.  1.  Side-view  of  GoniatUtt  intumesc^n;  Upper  Devonian  P  with  Aptpehut  {a) 

in  sitii  occupying  the  aperture. 
„    2.  Tiew  of  the  mouth  of  same  specimen  showing  the  Aptychtu  (a)  fitting  the 

aperture. 
„     3.  A  detached  Aptyehvs,  ohtained  at  Bicken,  hy  Prof.  Dr.  Ferdinand  Roemer, 

and  presented  hy  him  to  Mr.  John  Edward  Lee,  F.G.S.,  of  Torquay. 
„    4.  Another  detached  Aptyehut  from  the  same  locality. 
„    6.  Ditto. 

„     6.  Ditto. 

All  from  the  Upper  Devonian  of  Bicken  near  Herhom  in  Nassau,  Germany ;  and 
all  drawn  of  the  natural  size. 


IIL — On  a  New  Species  op  Ebluintbochiton  from  the  Upper 
Bala  (Silurian)  of  Gibvan,  Ayrshire, 

By  Hbnbt  Woodwabd,  LL.D.,  F.E.S.,  etc. 

(PLATE  IX.  Fios.  7-12.) 

MT  friend  Prof.  T.  Rupert  Jones,  P.E.S.,  has  lately  received 
several  Palasozoic  fossils  for  examination  from  the  rich  collec- 
tion of  Mrs.  Eobert  Gray,  of  Edinburgh,  and  has,  with  the  owner's 
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kind  permission,  pl6U)ed  two  pieces  of  a  very  remarkable  fossil  in 
my  bands,  for  the  purpose  of  examination  and  description. 

Tbe  specimens  under  consideration  were  obtained  by  Mrs.  Gray 
from  tbe  Upper  Bala  Beds  of  Thraive,  near  Girvan  (of  Lower 
Silurian  age). 

Tbese  pieces,  viewed  apart,  displayed  tbe  impression  of  six  some- 
what oblong  imbricated  plates,  ornamented  with  lines  of  growth, 
coinciding  with  the  lower  and  anterior  borders  of  each  plate ;  and 
also  traversed  obliquely  by  a  number  of  transverse  radiating  furrows 
or  ribs,  one  of  which  is  more  prominent  than  the  rest^  running  from 
the  posterior  dorsal  angle  of  each  plate  to  the  anterior  lower  border, 
and  radiating  upwards.  When  the  two  pieces  are  united,  a  narrow 
wedge-shaped  spaoe  remains,  once  filled  with  the  organism  itself,  of 
which  the  matrix  has  preserved  «  faithful  copy  of  the  exterior  of  the 
two  sides.  By  running  in  some  very  fine  plaster  of  pans,  I  have 
been  enabled  to  obtain  a  cast  from  this  natural  mould,  which  fairly 
represents  in  plaster  the  actual  form  of  the  testaceous  covering  of 
the  lost  organism.  We  at  once  perceive  that  each  quadrate  plate 
was  strongly  carinated  and  was  bilaterally  symmetrical ;  that  each 
plate  was  imbricated,  t.6.  it  overlapped  the  succeeding  plate,  like  a 
row  of  ridge-tiles  upon  a  house-roof  (see  PL  IX.  Figs.  7,  8,  9). 

The  length  of  the  six  plates  is  85  millimetres,  that  of  the  most 
anterior  plate  5  mm. ;  of  the  second  5  mm. ;  of  the  third  6  mm. ; 
of  the  4th  6  mm. ;  of  the  fifth  6  mm. ;  and  of  the  sixth  7  mm. ;  the 
average  depth  appears  to  be  5  mm.  Allowance  must  however  be 
made  owing  to  the  breaking  off  of  the  thin  margins  of  the  plates  in 
the  mould,  where  one  plate  has  overlapped  another.  I  am  inclined 
to  believe  that  the  first  plate  in  the  series,  which  is  more  rounded 
off  than  the  rest,  was  probably  the  true  anterior  or  cephalic  extremity 
(see  PI.  IX.  Fig.  7a),  and  that  if  a  part  of  the  organism  is  lost, 
which  seems  equally  certain,  it  was  from  the  other  extremity,  which 
is  fractured  across  close  to  the  edge  of  the  sixth  plate. 

The  first  and  second  plates  were  apparently  rather  smaller  than 
the  rest ;  but  the  concentric  and  radiating  lines  which  divide  each 
plate  or  valve  into  three  parts,  a  dorsal  and  two  lateral  areas,  are 
observable  on  all. 

What  then  was  the  nature  of  this  fossil  ?  and  to  what  class  of 
organisms  should  it  be  referred  ? 

So  long  ago  as  1857,  Prof.  L.  G.  de  Koninok  published  *  some 
observations  on  two  new  species  of  Cinton  from  the  Upper  Silurian 
(Wenlock  Limestone)  of  Dudley,  namely,  Chiton  Orayanus,  and 
Ch,  Wfightianus. 

The^rst  of  thes^  two  species,  Chiton  Qrayanue,  has  remained  un- 
challenged ;  but  the  determination  of  the  second,  Chiton  Wrightiawts, 
Vas  called  in  question  by  me  in  1865,  and  in  «  paper  read  before  the 
Geological  Society  in  that  year,  I  showed  that  Ch.  Wrightianua  was 
identical  with  a  recently  discovered  fossil  named  by  me  Turrilepae-^ 

^  Bulletiii  de  TAcad^mie  Boyale  des  Sciences,  etc.,  de  Belgique,  26  Ann^e,  2nd 
MT.  tome  ill.  Brnxelles,  1867,  pp.  190-199,  pi.  i. ;  see  also  Ann.  and  Mag.  Nat. 
Hist.  1860,  3id  ser.  vol.  tI.  pp.  91-98,  pi.  iL  translation  by  W.  H.  Baily,  F.Q.S.  . 

DBCADB  in.--TOL.  H.— MO.   TUI.  23 
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having  as  many  as  four  rows  of  plates  in  its  test ;  that  it  agreed 
with  this  newly-discovered  fossil  in  having  the  two  sides  of  each 
principal  row  of  plates  unsymmetrical ;  that  it  could  not  be 
referred  to  Chiton,  because  it  had  more  than  eight  plates  in  the 
series ;  and  that  the  surfaces  of  the  plates  were  uniformly  sculptured, 
and  not  divided  into  areas,  as  in  Chiton  proper.^ 

Specimens  of  Turrilepas  have  been  obtained  from  the  Silurian 
rocks  of  Bohemia,  and  described  by  the  late  M.  J.  Barrande  under 
the  name  of  Flumulites  (Syst.  Silur,  de  la  Bohime,  vol.  i.  Suppl. 
1872,  p.  565). 

A  species  has  also  been  described  and  figured  by  R.  Etheridge, 
jun.  (Proo.  Roy.  Ph.  Soc.  Edin.  1878,  vol.  iv.  p.  166,  tab.  2.  figs.  1  and 
2),  from  Balcletchie,  near  Girvan,  in  a  fine-grained  greenish  Silurian 
Mudstone.  (See  Mon.  Silur.  Fossils,  Girvan  District,  Ayrshire,  by 
H.  A.  Nicholson  and  R.  Etheridge,  jun.,  vol.  L  1880,  pp.  214^215, 
pi.  xiv.  figs.  22-27.) 

I  have  compared  Mrs.  Gray's  specimen  from  Thraive  with 
Turrilepas  from  the  Wenlock  Shale,  and  I  find  that  it  differs  in  the 
following  particulars. 

Mrs.  Gray's  specimen  has  the  two  sides  of  each  valve  bilaterally 
symmetrical.  In  Turrilepas  the  two  sides  of  each  valve  are  un- 
equal. The  ornamentation  upon  the  valves  of  the  Thraive  fossil  is  not 
uniform,  being  partly  composed  of  concentric  lines  of  growth,  and 
partly  of  radiating  ribs  or  striae,  which  divide  each  valve  into  three 
areas  (a  median  and  two  lateral  ones). 

The  ornamentation  in  Turrilepas  consists  of  uniform  fine  wavy 
strise,  which  cover  the  whole  surface  of  each  valve.  Finally,  TW- 
rilepas  is  known  to  consist  of  several  rows  of  imbricated  plates, 
which  vary  in  form,  but  not  in  ornamentation ;  whereas  Mrs.  Gray's 
fossil  has  its  shell  composed  of  a  single  row  of  imbricated  plates 
closely  resembling  each  other  in  form. 

The  form  of  the  plates  in  the  Girvan  fossil  is  peculiar,  but  it  most 
nearly  resembles  that  of  Salter's  genus  Helminihoehiton,  and  it  is 
to  this  genus  I  venture  to  refer  it 

Family  CHiTONiDiB.  Genus  Chiton,  L.  Shell  composed  of  eight 
transverse  imbricating  plates,  lodged  in  a  corietceous  mantle,  which 
forms  an  expanded  margin  round  the  body.  The  first  seven  plates 
have  posterior  apices ;  the  eighth  has  its  apex  nearly  in  front  The 
six  middle  plates  are  divided  by  lines  of  sculpturing  into  a  dorsal 
and  two  lateral  areas.  All  are  inserted  into  the  mantle  of  the 
animal  by  processes  (apophyses)  from  their  front  margin.  The 
posterior  plate  was  considered  homologous  with  the  limpet-shell  by 
Dr.  J.  E.  Gray ;  the  other  plates  appear  like  portions  of  its  slope, 
successively  detached.  The  border  of  the  mantle  is  either  bare, 
or  covered  with  minute  hairs  or  spines  (S.  P.  Woodward). 

Sub-genus  Hblminthoohiton,  Salter,  1847.  Quart.  Joum.  (JeoL 
Soc.  1847,  vol.  iii.  pp.  48-52. 

Form  elongate,  plates  subquadrate,  thin ;  apex  of  the  anal  plate 

^  See  Quart.  Joum.  Geol.  Soo.  18(56,  toI.  xxi.  pi.  xir.  figs,  la,  b,  e,  d,  #,/,  f,  A, 
S  *»  If  PP-  486-^89. 
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remote  from  its  front  edge ;  apophyses  widely  separated ;  shell  not 
covered  by  the  mantle. 

Helminthochiton  Oriffilhi  of  Salter  is  recorded  in  Griffith  and 
M*Coy*s  Synopsis  of  the  Silurian  Fossils  of  Ireland,  Dublin,  1846, 
and  five  figures  are  given  (plate  v.  fig.  5a-e),  and  in  the  Addenda, 
p.  71,  M'Coy  gives  a  short  account  of  the  fossil,  which  he  describes 
as  **  Linear-oblong,  smooth,  carinate;  plates  bent  at  alow  angle,  thin, 
deeply  emarginate  behind;  no  distinct  lateral  area;  cephalic  plate 
half-oval,  longer  than  wide,  marked  with  four  or  five  faint  radiations, 
and  a  few  lines  of  growth." 

M'Coy  gives  the  locality  as  Coolin,  Gal  way  (in  flaggy  mudstone) 
[Salter  gives  the  locality  as  Cong,  co.  Gal  way].  Salter  gives  a 
woodcut  (on  p.  49,  op.  cit.) ;  it  has  the  same  subquadrate  form  as  our 
fossil,  but  does  not  display  the  same  ornamentation  as  that  from 
Girvan.  This  may,  however,  be  due  to  the  nature  of  the  matrix, 
and  the  state  of  preservation  of  the  fossil. 

In  any  case  it  would  not  be  safe  to  refer  the  Girvan  Chiton  to 
Salter's  species  from  Galway,  seeing  they  differ  from  one  another 
considerably  in  the  form  of  the  valves,  which,  in  the  Irish  specimen, 
are  shorter  and  deeper  than  in  that  from  Girvan. 

H.  Oriffitht  is  also  destitute  of  ornamentation,  or  nearly  so,  whilst 
the  Girvan  form  is  ornamented  with  both  concentric  and  radiating 
lines. 

In  his  paper  on  fossil  Chitons,  Prof,  de  Koninck  gives  a  list  of  all 
the  species  of  Palsdozoic  Chitons  known  to  him  in  1857,  which  we 
here  subjoin : — 

Pebmian. 

Chiton  ZofttmanuSf  Kine.        (and  Carboniferoiis  ?) 
,,      Howseanua,  Eirkby. 
„  (?)eordatu8f        ,,  (and  Carboniferoiis). 

ChUonellut  EaneoekianuSj  Kirkby. 
„         diatortuSf  „ 

„        antiquuSf  Howse. 

Cabbonifebous  Limestons, 

Chiton  eonoentrieuty  De  Kon. 

,,  getntnatuif        ,, 
„  „         Tar.  motentiif  De  Ryckh. 

„  „  Viaetieola,  „ 

„  „  legiaeui,  „ 

„  „  eburonicuSf  „ 

„  pri$eu8,  Miinster. 

„  nervieanus,  De  Byckh. 

„  tumaeianutf        „ 

,,  Aftmptteutj         ,, 

„  (Chitonellm)  ecrdifeTy  De  Eon. 

,,  thomondienait,  Baily. 

,,  BurrowianuSf  Kirkby. 

[The  following  additional  species  of  Chitons  from  British  Carbon- 
iferous rocks  are  recorded  by  Mr.  R.  Etheridge,  jun.,  F.R.P.S.E., 
Proceed.  Nat.  Hist  Soa  Glasgow,  1881,  pp.  84-104,  pi.  i.  and  ii. 

Chiton  DalrienMy  R.  Etheridge,  jun. 
,>     Armitrongianuiy  E.  £th.  Jan. 
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Chiton  sp.  ind. 
„     solsoformity  E.  £th,  jun. 
9$      Oeiktei  „         „ 

«i      sp.  ind. 
Chitontiius  tubgttadratui,  Kirkby  and  Young, 
sp.  ind. 

(P)  paUlUformit,  E.  Eth.  jun. 
.  BennieantUf  „ 

(?)  Kirkbyamu,  „ 

louftpianutf  Kirkby.] 


(De  Koninck's  List  continued,) 

Upper  Devonian. 

Chiton  laviffatutf  Fr.  Ad.  Eoemer. 
„      tumiduSf  De  Eon. 
„     /(ueiatus,  Sandb. 
,,      aubffranotWj  Sandb. 

Middle  Devonian. 

Chiton  corrugatus,  G.  and  F.  Sandberger. 
,,      eordiformiBf  G.  Sandberger. 
I,     priscuSf  ,,  non  Miinster. 

,,      SandbergianWf  De  Ryckh. 
„     toffittaliSf  G.  and  F.  Sandberger. 
„      n.  sp. 

Uppeb  Silubian. 

Chiton  Cfrayanm,  De  Eon. 

LowEB  Silubian. 

Chiton  {Eelminthoehiton)  Orifithii^  Salter. 
The  only  species  of  Chitonida  noticed  by  G.  Lindstrom,  in  his 
Silurian  Gasteropoda  and  Pteropoda  of  Gotland,  Stockholm^  1884, 
are : — 

Chelodee  Bergmani^  Davidson  and  Eing. 

,,        OottandicuSf  Lind. 
ChitoHf  sp.  indet. 

Besides  the  specimen  above  described,  Prof.  T.  Bupert  Jones  had 
also  received  from  Mrs.  Gray  several  examples  of  a  small  fossil  from 
a  black  Silurian  slate- rock,  Balcletchie,  near  Girvan,  named  Soleno' 
carts  solenoidea  by  MM.  Young  in  1868.'  The  small  detached 
oblong  valves  originally  described  by  the  authors  were  obtained 
from  the  Silurian  strata  of  Penwhapple  Glen,  near  Girvan  (see  Proc 
Nat.  Hist  Soc.  of  Glasgow,  1868,  vol.  i.  part  i.  pp.  171-173,  pi.  i. 
figs.  7a,  6..  and  Proc.  Roy.  Phys.  Soc.  Edinb.  vol.  iv.  1878,  p.  167). 

The  genus  Sohnocaris  of  Young  is  also  referred  to,  under  the 
order  Fhyllopoda,  in  "Nicholson  and  Etheridge's  Monograph  of 
the  Silurian  Fossils  of  the  Girvan  District  in  Ayrshire"  (fasc.  i. 
1878,  p.  207).  The  authors  point  out  that  the  Solenocaris  of  Young 
(1868)  must  not  be  confounded  with  the  Solenocaris  of  Meek  (1872). 

Messrs.  Young  thus  describe  Solenocaris  : — 

**  It  presents,  at  first  sight,  all  tbe  characters  of  a  biyalTe  shell  of  the  Solenoid 
group ;  bat  Mr.  Young  detected  at  the  posterior  part  of  the  hinge-line  the  pecuhar 

^  See  also  Eeport  on  Fossil  Phtllofoda,  Brit.  Absoo.  1883, 
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ornament  which  is  comparable  only  to  that  found  in  CrustaceanSi  and  is  neyer  found 
in  Lamellibrancbfl. 

The  test  is  oblong  quadrilateral,  one  quarter  of  an  inch  in  lengtii,  and  one 
fourteenth  in  breadth.  The  anterior  extremity  is  truncated  yertically,  the  posterior 
is  gently  rounded.  The  outer  surface,  on  which  an  eye-spot  is  risible,^  is  divided 
into  two  nearly  equal  j^arts,  one  of  which,  starting  from  the  anterior  superior  angle, 
cuts  the  lower  margin  m  front  of  the  lower  posterior  angle.  The  area  anterior  and 
inferior  to  this  furrow  is  traversed  by  nine  or  ten  lon^tudinal  ridges,  of  which  the 
lowest  is  more  elevated  than  the  others,  and  forms  a  thickened  rim  to  the  test.  The 
posterior  and  upper  triangular  area  is  divided  by  a  triangular  ridge,  which,  narrow 
at  its  anterior  superior  eml,  gradually  widens  backwards,  and  covers  more  than  the 
lower  half  of  the  posterior  extremity  of  the  test  Above  this  ridge  is  a  gently  convex 
surface,  bounded  superiorly  by  the  slightly  thickened  dorsal  mar^.  This  area  is 
traversed  bjr  faint  concentric  strise,  the  continuation  of  some  of  me  coarser  anterior 
ridges.  It  is  on  this  area  that  the  ornament  above  mentioned  is  seen.  It  consists  of 
very  dose-set,  minute  tubercles,  arranged  in  linear  series  opposite  each  other. 

The  contours  of  the  surface  are  in  several  planes.  The  anterior  vertical  mai;nn  is 
everted ;  the  remainder  of  the  antero-inferior  area  is  in  one  plane.  The  middle  of 
the  postero-superior  area  projects  considerably,  in  consequence  of  the  prominence  of 
the  elevated  ridge,  the  upper  surface  being  flattened  sb'ghtly  towards  the  hinge-line  ; 
but  posteriorly  2ie  surfaee  is  flattened  very  markedly  towards  the  posterior  rounded 
margin,  so  that  the  two  valves  would  be  approximated  pretty  closely. 

Its  resemblance  to  a  gapinff  bivalve  is  thus  considerable,  but  on  closer  comparison 
the  difference  will  appear  well-marked.  No  Lamellibranch  has  the  anterior  greater 
than  the  posterior  gape  ;  when  the  relati<m  is  not  one  of  equality,  the  posterior  is  the 
larger.  Orihonotut,  the  nearest  in  form,  is  not  one  of  the  gapers,  nor  is  its  hinge- 
line  linear,  with  parallel  bounding  areas ;  its  oblique,  lateral  ridges,  moreover,  cut 
the  inferior  margin,  not  the  posterior  outline,  as  in  the  specimen  before  us. 

The  ornament,  again,  is  not  that  of  Lamellibranchs ;  its  granular  surface  has  a 
corresponding  obverse  surface  seen  when  the  shell  has  been  removed,  and  exactly 
similar  to  that  in  the  internal  casts  of  DUkyroearit,  The  lateral  position  of  the 
beak  removes  the  Brachiopoda  at  onee  from  consideration,  though,  in  some  respects, 
the  outer  and  inner  surfaces  present  appearances  not  unlike  those  of  Froduetui, 

No  other  conclusion  is  open  except  that  this  form  is  a  Crustaoean,  and,  so  far  as 
I  am  aware,  of  an  imdescribed  type.  Those  which  are  known  from  the  Silurian 
rocks  are  Bym$noeari$,  Feitoearitf  JHaeinoearis  and  Ceratioearit,  In  all  these  the 
extended  carapace  forms  a  shield,  with  rounded  outlines.  Our  specimen  would  give 
a  quadrilateral  shield.'  The  chiuacter  of  the  ornament  is  wholly  peculiar ;  no  less 
so  is  the  want  of  the  definite  emargination  seen  in  the  Crustacea  above-mentioned. 

The  absence  of  distortion  in  any  of  the  other  fossils  from  the  same  locality,  and  the 
presence  of  the  eversion  of  the  anterior  margin  in  all  ^e  specimens,  forbids  the 
supposition  that  this  character  is  accidental. 

After  a  careful  study  of  Messrs.  Young's  Solenoearis,  and  com- 
parison with  the  Chiton-like  series  of  plates  above  noticed,  we  are  led 
to  conclude  that  there  is  a  very  general  agreement  between  them, 

^  I  have  not  been  able  to  satisfy  myself  as  to  the  presence  of  the  eye-spot  here 
referred  to,  in  any  of  Mrs.  Gray's  specimens. — H.W. 

'  We  are  reminded  by  the  Solmoearit  of  Toung  of  the  small  oblong  bivalved 
Crustaoean  carapaces,  named  by  Prof.  T.  Bupert  Jones  Leaia  (see  Appendix  to  a 
Monograph  of  the  Fossil  E$theri(B^  by  T.  Rupert  Jones,  Pal.  Soc.  Mon.  1862,  p.  116, 


Jl.  V.  figs.  11,  12,  Leaia  Leidyif  Pennsylvania;    Z.  Zeidyi,  var.  fFiltiamtoniana, 
ones,  op.  cit.  p.   11 7»  pi.  i.  fip.   19,   20,  and  var.  Salteriana,  fig.  21,  from 
Ardwick,  Manchester,  ana  Fifeshire ;  others  are  known  from  Edinburgh,  Bristol, 


South  Wales,  Germany,  Nova  Scotia,  and  Illinois) ;  but  the  sculpturing  and  orna- 
mentation is,  to  all  appearance,  that  of  Estheria, 

See  on  some  Bivalved  Entomostraca  from  the  Coal-measures  of  South  Wales,  by 
Prof.  T.  Eiqiert  Jones,  Gbol.  Mao.  1870,  Vol  YII.  p.  214,  PL  IX.  with  figures 
of  Leaia, 

.  See  also  on  the  Occurrence  of  a  Phyllopod  genus,  Leaia,  in  the  Lower  Carbonif erons 
Bocks  of  Edinburgh,  by  B.  Ethendge,  jun.  (Annals  and  Mag.  Nat.  Hist  1879, 
6th  series,  toL  iii.  pp.  2o7-263). 
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80  far  as  bodies  of  the  kind  can  be  compared,  preserved  in  such 
different  kinds  of  matrix. 

The  points  of  difference  observable  are,  first,  that  the  valves  of 
'*  Solenocaris  "  appear  to  be  longer  and  narrower  than  in  Helmintho" 
chitofiy  and  the  lines  of  growth  appear  to  be  harder,  sharper,  and 
squarer,  whilst  the  radiating  ribs  or  striad  of  the  dorsal  area  are  more 
numerous  on  the  valves  of  the  former  than  on  those  of  the  latter 
genus.  In  Hdminihochtton  the  lines  of  growth  observable  upon  the 
lateral  areas  of  each  valve  are  rather  more  curved  and  less  quadran- 
gular than  in  " Solenocarts" 

Prof.  Bupert  Jones  and  Mr.  Robert  Etheridge,  who  have  examined 
and  compared  the  specimens  from  Thraive,  and  from  Penwhapple 
and  Balcletchie,  are  satisfied  of  their  generic,  if  not  of  their  specific 
identity.  For  differences  above  specified  I  prefer,  on  the  whole,  to 
treat  them  as  distinct  Under  these  circumstances,  it  will  be  needful 
to  refer  them  to  HelminthoehiUm  and  to  suggest  a  fresh  specific  name 
for  the  Chiton  from  Thraive,  and  I  venture  to  propose  to  name  it 
Helminihoehiton  Crayia,  in  honour  of  its  discoverer,  Mrs.  Robert 
Gray,  who  has  contributed  so  much  to  the  elucidation  of  the  fossil- 
remains  from  the  Silurian  rocks  of  Ayrshire,  and  to  whom  we  are 
indebted  for  the  opportunity  of  describing  the  present  interesting 
specimen. 

EXPLANATION  OP  PLATE  IX.  Piob.  7-12. 

Fio.  7.  EelminthoehiUm  Orayiay  H.  Woodw.  (tide-yiew)  natural  size ;  a.  rap- 
poeed  anterior  or  cephalic  plate. 

„     8.  „  „  „  (dorsal  Tiew)     „        „ 

„  9.  Two  of  the  Yalres  of  same,  Tiewed  dorsally,  twice  nat.  size ;  a,  a,  posi- 
tion of  apophjfies,  not  clearly  to  be  made  out  in  the  fossil. 

„     10.    Side-view  of  a  yalve  of  same,  enlarged  twice  nat  size. 

y,     11.  „  „  of  Belmintho^iton  (Sohnoearit)  toisnoidetf  Yoang 

and  YouDg  (twice  nat.  size). 

„  12.  Two  yalyes  of  Chiton  §quamo*uiy  Lamk.  ^recent),  placed  for  comparison 
with  the  fossil,  newed  dorsally. 

Fios.  7-10  from  the  Upper  Bala   Beds  of  Thraiye,  near  Ginran,  Ayrshire,  in 
the  collection  of  Mrs.  Eobert  Gray,  of  Edinburgh. 
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IV. — The  Classification  of  Stbatifikd  Bocks. 

By  Hbn&t  Hicks,  M.D.,  F.R.8.,  F.G.S. 

E.  JUKES-BROWNE'S  proposed  classification  of  our  rock 
groups,  in  the  July  Number  of  the  Obologioal  Magazine, 
is  a  commendable  attempt  to  solve  an  important  question,  especially 
where  he  proposes  to  establish  divisions  on  palseontological  evidence, 
in  preference  to  depending  upon  minor  breaks  in  ^e  succession, 
which  must  always  be  more  or  less  locaL 

In  some  respects,  however,  his  table  lacks  the  definite  order 
and  simplicity  which  should  be  the  main  point  aimed  at  in  any 
attempt  at  improving  the  classification. 

All  appear  more  or  less  agreed  as  to  the  great  divisions,  and  the 
terms  Primary,  Secondary,  and  Tertiary,  are  on  the  whole  satisfactory. 
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The  subordinate  divisions  should  as  far  as  possible  have  Geographical 
terms  with  wide  applications,  but  such  names  as  Carboniferous  and 
Cretaceous  will  also  doubtless  remain  in  use. 

The  wide  geographical  divisions  should  be  divided  and  subdivided 
under  more  local  names.  The  Lower  Palsdozoio  rocks  in  the  West 
of  England  and  Wales  could  according  to  this  plan  be  satisfactorily 
arranged  as  follows : — 

I  would  apply  the  term  Cambrian  in  a  far  more  general  sense  than 
it  has  hitherto  been  used,  and  would  place  it  as  one  of  the  main  divi- 
sions of  the  Palsdozoic,  the  others  being  Devonian  and  Carboniferous.^ 

Cambrian,  being  a  term  derived  from  the  whole  of  the  Principality 
of  Wales,  where  the  Lower  Palaeozoic  rocks  are  best  exposed,  and 
in  which  every  important  group  from  the  base  of  the  Llanberis  and 
Harlech  series  to  the  top  of  the  Ludlow  is  found,  is  incomparably 
the  best  that  can  be  suggested  for  this  purpose.' 

The  Cambrian  in  this  arrangement  should  be  broken  up  into  three 
primary  divisions  with  the  names  in  descending  order  of  Silurian, 
Ordoviciany  and  a  new  name  Georgian,  from  the  districts  bordering 
St  Gorge's  Channel,  where  the  lower  rocks  (Llanberis,  Harlech, 
Menevian,  etc.)  are  best  exposed,  and  where  they  have  been  mainly 
examined.  The  groups  and  series  should  have  local  names — such 
names  being  taken  from  places  where  the  beds  were  first  examined, 
or  are  well  exposed. 

The  following  table  will  explain  the  arrangement  suggested : — 


Stbtbms. 


PsntABT  D1YI8ION8. 


Groups  o&  Stages. 
(Wales,  etc.)  (Scotland)  (Ireland). 


CAMBBIAN.        i 


BUAJBULH, 


0BD0VICL4N. 


QBOROLiN. 


Ludlow 
Wenlock 
LlandoTerj 
Bala 

Llandeilo 
LlanTim 
Arenig 
Tremadoo 
Dolgellj 
Ffestiniog 
Maentwro^ 
Meneyia  (instead 
of  Meneyian) 
Solva 
Caerfai 


ARCHJEAN,  OR,  PBE-CAMBBIAN. 


1  It  may  be  found  adviBable  to  class  the  Upper  Palseozoic  Bocks,  like  the  Lower, 
into  one  system  with  three  Primary  divisions.  In  that  case  the  term  Devonian 
would  he  applied,  in  a  hotter  sense,  as  the  lowest  of  the  Primary  Divisions  in  that 
system. 

*  The  term  Silurian  may  possibly  occur  to  some  as  suitable,  but  to  my  mind  it 
seems  entirely  out  of  the  question,  as  comparatively  only  a  few  of  the  grou^—none 
indeed  of  the  more  important  of  the  lower  groups,  ^occur  anywhere  within  the 
limited  area  formerly  occupied  by  ^e  SUures. 
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V. —  Note  on  thb  Oknsbio  Identitt  of  the  Obnus  Esthontx; 

COPJC,  WITH  FLdT7CS(EB0P8,  ChaBLSSWOBTH  {^zMiOLOPHUS,  OwKN). 
By  R.  Ltdbkkbb,  B.A.,  F.G.S.,  eto. 

IN  an  early  number  of  the  present  serial  ^  Prof.  Sir  R.  Owen  de- 
soribed  and  figured  the  hinder  part  of  the  palate  of  a  small 
mammal  from  the  London  Clay  of  Heme  Bay,'  under  the  new  name 
of  Miolophus  planiceps.  The  speoimen  is  now  preserved  in  the 
Museum  at  York,  and  had  been  previously  described  by  Mr.  E. 
Charlesworth  »  under  the  name  of  Plaiychceropa  Bichardsoni ;  a  cir- 
oumstanoe  which  seems  to  have  escaped  the  notice  of  Sir  B.  Owen. 
This  name  having  the  priority  should  supersede  that  of  Miolophus.^ 
The  speoimen  (of  which  there  is  a  cast  in  the  British  Museum) 
shows  the  second  and  third  true  molars  of  both  sides,  and  on  the 
right  side  the  fourth  premolar  and  the  alveoli  of  P5_?  and  p-  ^-  Both 
the  later  premolars  and  true  molars  are  of  the  same  general  form, 
and  have  tritubercular  crowns.  Sir  B.  Owen  regarded  the  specimen 
as  indicating  a  form  allied  to  Hyracotherium  (including  Pliolophu$)  ; 
but  the  similarity  between  the  premolars  and  true  molars  and  the 
trituberculate  crowns  of  the  latter  forbids  the  acceptance  of  this  view. 

In  1874  Prof.  Cope  *  founded  a  new  genus,  from  the  reputed  Eocene 
of  New  Mexico,  under  the  name  of  Eithonyx,  the  type  species  being 
named  E.  BurmeiBteri.  In  two  subsequent  communications  *  the  same; 
writer  determined  the  dental  formula  of  this  form  to  be  I.  f,  0.  +, 
Pm.  f ,  M.  i ;  and  in  the  latter  of  the  two  he  gives  a  reduced  figure 
of  the  right  half  of  the  palate.^  The  third  (penultimate)  premolar 
has  one  external  and  one  internal  cusp,  and  is  separated  by  a  distinct 
interval  from  the  teeth  on  either  side.  In  the  fourth  premolar  these 
cusps  are  much  enlarged,  and  the  tooth  is  transversely  elongated. 
The  true  molars  have  two  external  cusps,  which  are  flattened,  close 
together,  and  well  within  the  margin  of  the  base  of  the  crown. 
There  is  one  internal  cusp,  and  a  strong  posterior  ledge. 

This  description  applies  word  for  word  to  the  palate  of  FlatychcBrop$ 
Bichardsoni ;  and  if  tlie  figure  of  the  latter  be  compared  with  that  of 
the  so-called  Esthonyx  Burmeiateri,  the  close  resemblance  of  the  two 
will  be  self-evident.  The  European  form  exhibits  the  isolation 
of  the  alveolus  of  pm  8,  and  the  marked  contraction  of  the  cranium 
at  the  level  of  this  tooth. 

The  writer  has,  therefore,  no  hesitation  in  uniting  Esthonyx  with 
Plaiychceropa.    The  American  P.  Burmeisteri  appears  to  have  been 

1  Gbol.  Mao.  Dec.  I.  Vol.  II.  p.  339,  PL  X.  Fig.  1  (1865). 

'  Erroneonsly  stated  to  be  from  Sheppey. 

3  Rep.  Brit  Assoc,  for  1864,  Trans,  of  Sections,  p.  80.  See  also  Gbol.  Mao. 
Dec.  I.  Vol.  III.  p.  48  (1866). 

*  The  description  is  somewhat  yague,  and  the  two  sides  of  the  molars  are  reyened 
in  the  description. 

5  Kep.  U.S.  Geogr.  Surv.  W.  of  100th  Meridian,  Vert  Foss.  New  Mexico,  p.  6 
(1874).  8to.  d  -™.  r 

«  Proc.  Amer.  Phil.  Soo.  1881,  pp.  147-148  ;  and  Amer.  Nat.  1884,  pp.  479-480. 

^  A  full-sized  figure  is  given  in  Kep.  U.  S.  Geol.  Surv.  toI.  iii.  pi.  xxit.  C.  fig.  1 
(1884).    4to. 
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▼ery  nearly  equal  in  dise  to  P.  Biehardtoni^  but  is  distinguished  by 
the  relatively  smaller  size  of  the  last  true  molar. 

With  regard  to  its  serial  position,  the  genus  was  originally  referred 
by  Prof.  Cope  to  the  Insectivora,  but  in  his  latest  memoir  ^  it  is 
placed  among  his  Greodonta,  in  the  family  LepHeiidcBf  which 
includes  iVovtverra  (z=8typolophti8,Goipe,  Oynohyoenodcnf  Filhol). 

Provisionally  accepting  this  reference,  the  present  writer  will 
include  Plaiychcerops  in  the  group  Oatmivora  Primigenia;'  which 
appears  to  connect  the  true  Camivora  by  insensible  gradations  with 
the  Insectivora.  Prof.  Cope  suggests  that  the  genus  may  be  an 
ancestral  form  connected  with  EritMeeus. 


VI. — ^NoTBs  ON  Fossil  Roots  in  thb  Sabsbn  Stones  of  Wiltshirb. 
By  William  Ca&buthbbs,  F.B.S.,  etc. 

HAVING  had  placed  in  my  hands  by  Prof.  T.  Rupert  Jones  (who 
has  already  communicated  some  notes  on  Sarsen  Stones  to  your 
pages,  Vols,  for  1876  and  1876)  some  microscopic  preparation  of 
plant-remains  found  in  Sarsen  Stones  from  Wiltshire,  belonging  to 


Impresrions  of  Roots  of  a  Pahn  (f),  seen  in  a  weaftered  Sarsen-stone  in  a  wall  at 
Abnry  (from  a  pencil-sketch  by  Major  G.  C.  King). 

1  Amer.  Nat.  1884,  pp.  847,  479. 

*  **  Catalogue  of  Fossil  Mammalia  in  the  Britiih  Mmemn,"  pt  i  p.  20  (1886). 
The  writer  finds  it  will  be  necessiuy  to  issue  a  supplement  to  this  part,  as  he  i«^i^- 
tinually  ooming  across  specimens  in  the  Museum  which  haye  hitiieiio  been  referred  to 
other  orders,  but  which  he  now  finds  should  be  included  in  those  treated  of  in  this 
part.  He  proposes  (with  the  sanction  of  the  Museum  authorities)  to  issue  this 
supplemeut  on.  the  oompletign  of  the  Catalogue  of  the  Ungulata, 
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Mr.  Thos.  Clodrington,  F.G.S.,^  I  would  be  glad  to  state  in  a  sentence 
or  two  the  results  of  my  examination. 

These  vegetable  remains  are  certainly  roots.  The  method  of 
branching  shown  in  some  of  the  specimens,  and  shown  still  better 
in  a  pencil-sketch  by  Major  C.  C.  King,  from  a  Sarsen  which  has  been 
weathered  in  a  wall  at  Abury,  leave  no  doubt  as  to  this.  The  root- 
lets leave  the  main  root  in  every  direction  at  right  angles.  The 
roots  are  in  their  original  position.  The  soft  sand,  now  indurated  by 
siliceous  cement,  has  been  the  soil  on  which  the  plants  grew.  An 
examination  of  the  preparations  shows  the  main  stem  to  have  been 
composed  of  a  small  central  vascular  bundle,  surrounded  by  a  con- 
siderable thickness  of  soft  parenchyma,  consisting  of  uniform  cells 
of  short  rectangular  shape.  The  cells  have  not  been  distorted  by 
pressure,  but  retain  the  size  and  form  of  the  original  tissue, — whi(^ 
is  a  further  evidence  of  the  roots  being  preserved  in  the  position  in 
which  they  grew.  There  are  not  sufficient  data  in  the  specimens  to 
enable  one  to  determine  with  certainty  what  was  the  nature  of  the 
plants  to  which  the  roots  belong ;  but  it  appears  to  me  probable  that 
they  were  monocotyledonous  plants ;  and  they  may  have  been  Falms^ 
a  group  represented  in  the  Eocene  Flora  of  England. 


ITOTIOES      OIF      3i^E3^0II^S. 


OdSTORyis  Klaassenij,^   Newton.     A  Gigantic  Bibd  peom  the 
LowEB  Eocene  of  Ceoydon.'    By  E.  T.  Newton,  F.G.S. 

MK.  H.  M.  KLAASSEN,  F.G.S.,  in  his  paper  on  the  Series  of  Lower 
Tertiary  Strata  exposed  in  the  railway  cutting  at  Park  Hill, 
near  Croydon,  read  before  the  Geologists'  Association  (Proa  voL  viii. 
p.  226,  1883),  mentions  that  he  had  obtained  the  remains  of  a  very 
large  bird  which  would  as  soon  as  possible  be  described.  The 
description  of  these  most  interesting  specimens  has  been  delayed,  in 
the  hope  that  additional  material  might  be  brought  to  light,  but  as 
there  seemed  no  longer  any  probability  of  other  specimens  being 
found,  a  full  account  of  them,  with  detsuled  descriptions,  was  given 
in  a  paper  read  before  the  Zoological  Society  on  the  5th' of  May  last, 
and  is  in  due  course  to  appear  in  the  Transactions  of  that  Society. 
In  the  mean  time  the  following  account  of  the  paper  which  is  pub- 
lished with  the  assent  of  the  President,  Prof.  Flower,  may  be  of  in- 
terest to  the  readers  of  the  Qeolooioal  Magazine. 

^  In  1865  Mr.  ThomaB  Codrington,  C.E.,  F.G.S.,  described  in  a  paper  <<  On  the 
Geology  of  the  Berks  and  Hants  Extension  and  Marlborough  Railways,"  in  the 
<<  Magazine  Wilts  Archseol.  Nat.  Hist.  Soo.,"  1865,  the  oocnrrence  of  fossilized 
Tegetoble  tissue  in  the  pipe-like  holes  traversing  some  Sarsen  Stones  lying  on  the 
CTound  westward  of  Little  Bedwin.  In  the  "  Gbolooical  Maoazinb,  new  series, 
vol.  II.  1875,  p.  589,  Prof.  Rupert  Jones,  noticed  some  similar  tubular  cavities 
in  the  Sarsen  Stones  near  Frimiey,  Surrey,  and  in  other  geological  formations ; 
and  in  Gbol.  Mao.,  new  series,  Vol.  III.  1876,  p.  523,  he  described  similar  veeetable 
marks  in  the  Greywethers  or  Sarsens  of  the  Chalk  Downs  near  Marlborougn,  and 
jmrticularly  in  the  enormous  upright  stones  at  Avebury  (Abury).  These  and  other 
similar  markings  seen  elsewhere,  are  also  alluded  to  by  him  in  the  "  Trans.  Kewbuiy 
District  Field-Club/'  toL  ii.  1878,  p.  249,  etc. 

^  Abstract  of  a  paper  read  before  the  Zoological  Society,  May  5thy  1885* 
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These  gigantio  bird-bones  were  obtained  from  the  "  Bine  Clay " 
and  lignite  patches  of  the  Woolwich  Beds,  which  lie  immediately 
above  the  '*  Mottled  Clays,"  and  are  marked  /  and  g  in  Mr.  Elaassen's 
section.  The  most  interesting  among  these  specimens  are  the  portions 
of  two  large  tibiotarsi  and  parts  of  a  femur.  The  most  perfect 
tibiotarsQs  when  complete  must  have  had  a  length  of  at  least  twenty 
inches,  and  its  trochlear  extremity  is  three  inches  and  a  half  wide. 
Of  the  second  tibiotarsus  only  the  lower  end  is  preserved,  but  this 
is  larger,  being  a  little  over  four  inches  wide.  These  bones  resemble 
very  closely  the  corresponding  parts  of  Qastomia  Parisiensis,  but 
present  differences  sufficient  to  prevent  their  being  referred  to  the 
same  species,  and  they  have  therefore  been  named  after  their  dis- 
coverer, Oastomis  Klaassenii,  This  Eocene  bird  must  have  beea 
as  large  and  heavy  in  build  as  the  Dtnomis  craasus  of  New  Zealand. 

The  original  specimen  of  Oa$iom%$  from  the  Lower  Eocene  beds 
of  Meudon  near  Paris,  was  described  by  M.  Hebert  in  the  Comptes 
Bendus  for  1855  (vol.  xv.  pp.  579  and  1214),  and  the  genus  named 
after  their  discoverer,  M.  Oaston.  These  Parisian  bird-remains  were 
afterwards  more  fully  described  and  compared  with  recent  forms  by 
Prof,  (now  Sir  Bichard)  Owen,  in  the  Quarterly  Journal  of  the 
(Jeological  Society  (vol.  xii.  p.  204,  1856),  and  by  M.  Milne- 
Edwards  (Oiseaux  Fossiles,  vol.  i.  p.  165).  Unfortunately  the  troch- 
lear extremity  of  the  tibiotarsus  of  0.  Pari$tensi$  was  so  badly  pre- 
served as  to  render  the  comparison  most  difficult  and  unsatisfactory. 
Other  specimens  referable  to  the  same  genus  have  since  been  dis^ 
covered  in  Lower  Eocene  beds  near  Bheims,  and  described  by  Dr. 
Victor  Lemoine  under  the  name  of  Oastomis  Edwardsii  (Becher. 
Oiseaux  Foss.  envir.  d.  Beims,  1878  and  1881) ;  these  include  parts 
of  the  head,  vertebra,  etc.,  and  are  therefore  extremely  valuable ; 
but  the  lower  ends  of  the  tibiotarsi  are  far  from  being  well  pre- 
served, and  consequently  do  not  help  us  much  in  comparing  this 
most  important  bone  with  the  same  parts  in  recent  birds.  Mr.  L. 
Dollo,  of  the  Brussels  Museum,  has  described  the  distal  end  of  the 
femur  of  a  large  bird  which  he  has  referred  to  Oastomis  Edwardsii, 
Lemoine,  from  the  Lower  Landenien  of  Mesvin,  near  Mons, 
Belgium  ^Bull.  Mus.  Boy.  Hist.  Nat  Belg.  tom.  ii.  p.  297,  pi.  xi.  1883). 

These  large  tibiotarsi  from  Croydon  have  their  distal  ends  so 
perfect  that  every  detail  of  their  structure  can  be  studied.  It  is  not 
a  little  remarkable  that,  in  this  part  of  its  organization,  Oastomis  is 
quite  unlike  any  of  the  large  birds,  recent  or  fossil,  at  present  known ; 
the  living  Batit»  having  a  tibiotarsus  quite  unlike  that  of  Oastomis  ; 
and  that  of  Dinomis,  alUiough  making  a  somewhat  nearer  approach, 
has  the  trochlear  extremity  of  an  entirely  different  type.  Indeed,  the 
known  forms  of  Batitee  all  differ  more  from  Oastomis,  in  regard  to 
the  tibiotarsus,  than  do  some  of  the  living  Carinatsd;  and  it  is 
interesting  to  find  that  opinions,  expressed  by  some  previous  writers, 
as  to  the  Anserine  affinities  of  Oastomis,  are  confirmed  by  the 
detailed  comparison  with  recent  forms,  which  the  more  perfect 
Croydon  specimens  now  render  possible.  Although  the  tibiotarsus 
of  Oastomis  Klaasseni  more  nearly  resembles  that  of  the  Anserine 
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than  of  any  other  fonn  of  bird,  yet  it  differs  in  certain  particulars 
from  every  genus  with  which  it  has  been  possible  to  compare  it,  and 
seems  to  represent  an  entirely  new  type.  According  to  the  researches 
of  Dr.  Victor  Lemoine,  OoBtomiSf  in  other  parts  of  its  organization, 
shows  Batite  affinities.  At  present  the  median  portion  of  the 
sternum  is  unknown ;  but  the  small  size  of  the  wings,  in  some 
species  at  least,  leads  one  to  expect  that  it  will  prove  to  be  without 
a  keel,  and  thus  show  a  further  resemblance  to  the  Batitaa. 


E,  E  ^  I  E  -W^  S- 


I. — Russian  Cxntbal  Asia,  including  Kuldja,  Bokhara,  Khiva, 
AND  Mbrv.  By  Hbnby  Lansdbll,  D.D.  Two  volumes.  (Lon- 
don :  Sampson  Low  &  Co.,  1885.) 

IN  these  interesting  volumes,  describing  a  long  and  somewhat 
adventurous  journey,  Dr.  Lansdell  incidentally  imparts  to  his 
readers  a  considerable  amount  of  information  on  the  Geology  of 
Turkestan  and  some  other  parts  of  Central  Asia,  obtained  pardy  by 
personal  observation,  partly  by  careful  compilation  from  books  and 
papers  in  languages  other  than  English.  The  author's  route  from 
Bergiopol  to  the  valley  of  the  Hi,  and  thence  to  Chimkeut,  ran  in  a 
general  south-westerly  direction.  Near  the  first-named  place  he 
notes  the  occurrence  of  coal  and  graphite.  Mesozoic  and  Tertiary 
rocks,  from  Triassic  upwards,  are  then  traversed,  until  on  attaining 
higher  ground  Palsdozoic  and  Metamorphic  rocks  are  reached. 
The  mountain  ranges  forming  the  huge  fna$$if  of  the  Thian  Shan  are 
said  to  be  largely  composed  of  metamorphic  and  of  various  igneous 
rocks.  Beyond  the  Ili  the  base  of  a  chain  composed  of  Palsdozoio 
rocks  with  granite  is  skirted,  and  about  Chimkeut  many  valuable 
minerals  are  found,  such  as  rock  salt  and  coal,  besides  iron,  lead, 
silver,  and  even  gold  in  workable  quantities. 

Not  the  least  interesting  part  of  the  work  is  the  author's  descrip- 
tion of  the  region  south  of  the  Sea  of  Aral  from  western  Bukhara 
to  the  Caspian,  the  scene  of  some  of  the  latest  advances  of  Russia 
towards  *^  the  gates  of  India."  Exc^t  for  ulterior  purposes,  this 
enlargement  of  her  empire  does  not  seem  one  that  need  be  envied. 
The  region,  as  a  whole,  is  singularly  barren ;  not  seldom  a  waste  of 
shifting  sands,  among  which  &e  rivers  lose  themselves — ^thin  beds, 
quite  dry,  or  occupied  only  by  shrunken  streams,  are  frequently 
encountered,  and  Dr.  Lansdell  more  than  once  calls  attention  to 
the  impression,  produced  on  his  mind  by  the  scenery,  that  he  was 
travelling  along  the  bed  of  a  desiccated  sea.  At  the  present  time 
he  states  that  Sue  Sea  of  Aral — many  parts  of  which  are  extremely 
shallow — is  distinctly  drying  up,  and  the  effect  of  this  on  the  country 
is  very  well  described  from  the  author's  personal  observation. 
His  course  for  some  800  miles  was  down  the  Amu  or  Oxus,  and  he 
enters  upon  an  interesting  discussion  as  to  the  former  variability  of 
course  of  this  river  and  the  diversion  of  its  waters  from  the  Aral  to 
i^e  Caspian. 
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The  book,  we  may  add,  contains  even  more  information  about  the 
natural  history  and  ethnology  of  the  region  traversed  than  it  does 
about  the  geology,  and  is  written  throughout  in  a  very  pleasant  style. 

II. — Thb    National    Gbologioal    Subvbys    of   Europb.     By 
William  Toplby,  F.G.S.,  etc.     (1885,  pp.  20.) 

(Beprinted,  with  an  Appendix,  from  the  Report  of  the  British  Association  for  1884, 
by  permission  of  the  GonndL    Triibner  &  Co.    Price  6d.) 

THIS  pamphlet  is  a  reprint,  with  some  additions,  of  the  Beport 
read  at  Montreal  and  printed  in  the  Oeologioal  Maoazinb  for 
Oct  1884.  Additional  information  is  scattered  throughout  the 
pamphlet ;  some,  which  seem  the  most  important,  are  given  below. 
The  first  Report  of  the  Bussian  Survey  for  1885  gave  a  full  notice 
of  the  Beport  as  printed  in  these  pages,  adding  notes  on  the  Surveys 
of  the  United  States,  Canada,  India,  Japan,  etc. 

BoHBHiA. — This  is  a  section  of  the  Austrian  Survey,  under  the 
control  of  Anton  Fritsch ;  the  maps  are  those  of  the  '*  Neue  Special- 
Karte,"  scale  1 :  76,000,  referred  to  in  1884.  The  text  is  included, 
as  "  (Jeologische  Abtheilung,"  in  "Archiv  der  Naturw.  Landesdurch- 
forschung  von  Bohmen,'*  with  plates  and  extra  maps  on  various  scales. 

Hungary. — This  Survey  was  established  as  a  section  of  the 
Austrian  Survey  in  1868,  but  was  soon  after  made  a  distinct  body 
under  the  title  **  Kdnigliche  ungarische  geologische  Anstalt ; "  its 
head-quarters  and  the  place  of  publication  is  Budapest  But  it  is 
in  connection  with  the  central  institution  at  Vienna,  and  an  abstract 
of  its  work  appears  in  the  Yerhandlung. 

The  first  director  was  Max  von  Hantken,  who  was  succeeded  in 
1882  by  Johann  Bockh.  The  survey  is  done  on  the  scale  of  1 : 
28,800. 

The  publications  date  from  1871.  These  are  in  Hungarian,  but  a 
German  version  is  given  in  "  Mittheilungen,  aus  dem^Jahrb.  k.  u. 
geol.  Anstalt,"  dating  from  1872.  About  22  sheets  of  the  map  are 
published. 

Belgium.  —  Before  the  establishment  of  the  existing  Survey 
another  had  been  in  existence,  conducted  by  a  Committee  of  which 
M.  Jochams  was  president.  It  was  founded,  in  1878,  under  the 
control  of  the  **  Minist^re  de  Tint^rieur ; "  this  is  stated  on  each 
publication,  which  may  thus  be  distinguished  from  the  publications 
of  the  existing  Survey,  the  latter  being  headed  '<par  ordre  du 
Gtouvemement." 

About  20  maps  were  published  (1879-81),  each  with  text;  18 
were  by  0.  V.  Ertbom  and  P.  Gogels.  Both  Surveys  have  used  the 
same  topographical  map. 

Portugal.* — Secgao  dos  Trahalhos  Geologicos  de  Portugal  (Lisbon). 
— This  survey  was  commenced  in  1867  (as  Commissao  Geol.  de 
Portugal).  It  was  reorganized  with  the  existing  title  in  1869,  under 
the  direction  of  Carlos  Bibeiro  ;  he  was  succeeded,  in  1883,  by 
J.  F.  N.  Delgado. 

^  The  fint  part  of  the  serial  publication  of  this  Surrey  has  jnst  been  issued — 
**  Conmmniea^det  da  Stc^ao  dos  Trabalhot.  OsologieoM  di  Forhi^al,**  torn.  1,  fasc  1, 
1 886 ;  Sto.  Lisbon.  Some  of  the  papers  therein  contained  had  been  preriously  printed. 
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The  work  is  now  done  on  the  scale  of  1  :  100,000  ;  with 
occasional  enlargements  to  double  this  scale.  There  are  contoars 
at  intervals  of  26  metres.  The  map  will  be  in  37  sheets,  longitude 
reckoned  from  Lisbon,  9®  y  W.  of  Greenwich.  The  topographical 
map  is  not  yet  complete,  and  none  of  the  sheets  are  published  with 
the  geology. 

Several  memoirs  have  been  published,  dating  irom  1865 ;  and  also 
a  general  map — "  Carta  (Jeologica  de  Portugal,"  by  C.  Bibeiro  and 
J.  F.  N.  Delgado,  scale  1 :  600,000;  1876  (now  out  of  print). 

Prussia. — Qeological  surveys  of  some  German  States  have  been 
made  on  the  scale  of  1 :  60,000,  not  all  directly  by  the  Government ; 
but  the  great  survey  previously  described  will  probably  absorb  these, 
and  will  re-map  the  districts  on  the  larger  scale. 

Amongst  these  local  surveys  are  the  following  : — 

Baden,  made  by  Zittel  and  Sandberger. 

Hesse. — '*  Geologische  Specialkarte  des  Grossherzogthums  Hessen 
nnd  der  angrenzeoden  Landesgebiete."  This  survey,  under  the 
direction  of  B.  Ludwig,  is  in  eighteen  sheets,  with  text.  It  was 
made  by  the  "  Mittelrheinischer  Geologischer  Verein  "  (Darmstadt), 
and  was  published  from  1866  to  1872. 

Uppbb  Silesia. — A  "Specialkarte  der  Oberschlesischen  Berg- 
revier,"  scale  1 :  10,000,  is  published  by  the  "  k.  Oberbei^gamt  in 
Breslau,"  in  "  Lieferungen,"  of  ten  or  more  sheets.  The  price  of 
each  sheet  is  1|  mark. 

BouMANiA. — {Biuroului  Qeologidk  Romdn%  Buchurest).  Estab- 
lished in  1882,  under  the  direction  of  Gregoriii  SteiUnescu,  for  the 
purpose  of  providing  materials  for  the  International  Geological  Map 
of  Europe.  One  Beport  has  been  published  ("  Anuarulii  Biuroulnt 
Geologicii,"  anulCi  1882-1883,  No.  1,  pp.  114,  1884).  The  rocks 
contained  within  the  kingdom,  which  are  briefly  described  in  this 
Beport,  are : — Crystalline  Schists  (ArchsBan),  Jurassic,  Eocene, 
Miocene,  Pliocene  and  Quaternary.  This  Beport  contains  descrip- 
tions, with  analyses,  of  mineral  springs. 

BussiA. — This  survey'  was  commenced  in  1882;  the  director  is 
B.  Cheresheff.  ^ 

The  publications  comprise  Beports  in  8vo.,  and  Memoirs  in  4to. ; 
the  latter  are  illustrated  by  maps  and  plates ;  some  of  the  Memoirs 
are  descriptive  of  sheets  of  the  maps,  others  of  certain  formations  in 
various  districts. 

The  Beports  are  in  Bussian  only;  the  Memoirs  have  title  in 
French  ("  M^moires  du  Gomite  g6ologique "),  and  a  translation  or 
precis  in  German. 

The  map  is  on  the  scale  of  1  :  420,000 ;  to  be  completed  in  164 
sheets ;  3  sheets  are  published.  The  meridian  is  Pulkowa,  30°  IS' 
E.  of  Greenwich. 

The  map  has  explanations  and  title  in  French: — "Carte  G6o- 
logique  g6n6rale  de  la  Bussie  d'Europe." 

^  For  deecriptioiit  of  this  Survey,  and  of  its  publications,  see  Nature^  toI.  zxiz.  p. 
93 ;  Z2z.p.  608 ;  Geol.  Mao.  Deo.  III.  Vol.  I.  p.  84, 1884. 
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A  map  of  the  Urals,  prepared  by  the  mining  engineers,  has  been 
published  by  A.  Karpinsky — "  Oeologische  Rarte  des  Ostabhanges 
des  Urals,"  3  sheets,  1884  Scale  1  :  420,000;  with  enlarged  parto 
of  1 :  210,000. 

Appendix.  Qeolooioal  Map  of  Eubopx. — Although  only  a  small 
area  of  Europe  has  yet  been  published  by  the  Surveys  described 
above,  enough  is  now  known  of  its  geological  structure  to  justify  the 
preparation  of  a  complete  map,  on  a  scale  sufficiently  large  to  allow 
all  the  main  subdivisions  to  be  shown.  This  task  has  been  under- 
taken by  the  International  (Geological  Congress,  which,  during  its 
meeting  at  Bologna  in  1881,  appointed  a  Committee  to  carry  out  the 
work.     The  Committee  is  formed  as  follows : — 


For  Germany  . 

J  E.  Beyrich             \  Directors  of  the 
{  W.  Hauchecome   j         Map. 

„   Austro- Hungary 

£.  MojsisoTics 

„    France     . 

A.  Daubr^e 

„   Great  Britain    , 

W.  Topley 

„   Italy 

F.  Giordano 

„   Russia 

A.  Karpinsky 

£.  Heneyier,  Secretary. 

The  map  will  be  in  49  sheets  (7  by  7),  measuring  in  all  about 
12  feet  by  10  feet  The  scale  isl :  1,500,000  (about  2^  miles  to 
one  inch).  The  expense  of  producing  this  Map  is  far  beyond  the 
means  of  the  Congress;  it  was  therefore  resolved  to  apply  for 
assistance  to  the  various  Governments  of  Europe.  In  most  cases 
the  money  required  was  immediately  promised,  and  in  others 
satisfactory  arrangements  for  the  amount  required  have  been  made. 
England's  share  of  the  expense  is  £400,  yearly  instalments  of  which  ^ 
have  been  given,  as  required,  by  the  Royal  Society  from  its  Govern- 
ment Grant     For  this  sum  100  copies  of  the  Map  will  be  returned. 

The  Map  is  being  prepared  at  Berlin,  and  will  be  published  there 
by  Beimer  <!^  Co.  A  new  topographical  map  is  being  prepared  by 
Prof.  Kiepert  Streams  and  railways  are  given  in  detail ;  in  select- 
ing the  names  of  places  special  care  is  taken  to  mark  those  of 
geological  interest  or  importance ;  the  names  of  mountain-chains  and 
chief  hill-ranges  are  given,  the  heights  of  the  summits  being  marked 
in  metres.  The  meridian  is  Paris,  2°  20^  E.  of  Greenwich.  The 
topography  is  far  advanced,  and  much  progress  has  been  made  with 
the  geology. 

The  subdivisions  represented  on  the  Map  will  probably  be  nearly 
as  follows :  —  Alluvkim  and  Quaternary,  Pliocene,  Miocene, 
Oligocene,  Eocene,  Cretaceous  (3  divisions),  Oolite  (2),  Lias, 
Trias  (2),  Permian  (2),  Carboniferous  (3),  Devonian  (3),  Silurian 
(2),  Cambrian,  Crystalline  Schists  etc.,  (perhaps  2),  Granite,  Erup- 
tive rocks  (perhaps  6  or  7). 

The  geological  information,  as  supplied  by  the  various  members  of 
the  Committee,  is  inserted  under  the  supervision  of  W.  Hauchecome, 
the  Director  of  the  Geological  Survey  of  Prussia ;  whatever  success 
may  attend  the  work  will  be  mainly  due  to  his  energy  and  care. 
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III. — Thb  Old  Kbd  Sandstone  Voloanio  Rooks  of  Scotland.  By 
B.  N.  Peaoh  and  J.  Hobnb.  [Trans.  Roy.  Soc.  Edinburgh^ 
Vol.  XXXII.  Part  n.  pp.  369-388.] 

THE  authors  observe  that  the  most  interesting  feature  connected 
with  the  Old  Red  Sandstone  formation  in  Shetland  is  the 
evidence  of  prolonged  volcanic  activity  in  those  northern  isles.  The 
records  of  this  activity  are  mainly  confined  to  the  west  and  north- 
west portions  of  the  Mainland  and  the  islands  adjoining  the  western 
seaboard.  They  may  be  grouped  into  two  divisions, — first,  the 
contemporaneous  igneous  rocks,  comprising  the  lavas  and  tuffs 
which  were  erupted  and  spread  over  the  sea-floor  during  the  accu- 
mulation of  the  sedimentary  deposits ;  second,  the  intrusive  igneous 
rocks,  which  were  injected  at  a  later  date,  probably  towards  the 
close  of  the  Old  Red  Sandstone  period  in  Shetland.  In  the  penin- 
sular tract  of  Northmavine,  west  of  Hilhwick,  there  is  an  important 
development  of  ancient  lavas  and  tuffs,  which  attain  a  thickness  of 
not  less  than  500  feet  The  absence  of  any  intercalations  of  sand- 
stones, flagstones  or  shales,  save  near  the  fault  at  Brei  Wick  and 
Rooeness  Yoe,  indicates  that  the  subaqueous  eruptions  must  have 
been  well-nigh  continuous  for  a  time  in  that  portion  of  the  basin. 

On  the  eastern  seaboard  the  following  order  of  succession  in  the 
strata  was  established : 

5.  Flaggy  series  of  Bressay  and  Noss,  consisting  of  alternations  of 
sandstoneR,  flags,  and  shales.  At  the  base  of  Noss  Head  there  is 
a  zone  of  dark  calcareous  shale  with  limestone  nodules,  which  has 
a  striking  resemblance  to  the  well-known  fish-bed  of  the  Moray 
Firth  basin. 

4.  Lerwick  series,  consisting  of  massive  false-bedded  sandstones, 
which  throughout  are  markedly  conglomeratic. 

3.  Rovey  Head  conglomerates. 

2.  Brenista  series,  consisting  of  well-bedded  red  flags. 

1.  Basement  breccia. 

Observations  on  the  microscopic  characters  of  the  rocks  show 
that  the  porphyrite  and  diabase  lavas  of  Shetland  are  akin  to  the 
great  volcanic  series  of  Lower  Old  Red  Sandstone  age  in  Central 
Scotland. 

Two  beautifully  executed  chromolithographic  plates  of  rock- 
sections,  and  a  geologically  coloured  map  of  the  Shetland  Islands 
accompany  this  memoir,  which  is  also  illustrated  by  fourteen  wood- 
cuts in  the  text. 


IV. — Walks  in  Epping  Forest.  Edited  by  Perot  Lindlet. 
[The  Qeology  of  the  Forest-District,  by  Horaob  B.  Woodward, 
F.G.S.,  of  the  Geological  Survey  of  England.]  London: 
1885,  long  8vo.  with  36  illustrations  and  a  folding-map.  Sold 
at  123-125,  Fleet  Street,  E.G.,  and  at  all  Booksellers. 

HAVE  you  ever  been  to  Epping  Forest  ?    If  you  have  not,  it  is 
certainly  worthy  of  a  visit.     Just  imagine  I  that  in  1885  there 
actually  exists,  within  half  an  hour  of  the  Bank  of  England,  an 
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area  of  nine  square  miles  in  extent,  which,  by  fhe  munifioence  of  the 
Coi-poration  of  the  City  of  London,  and  at  a  cost  of  over  a  quarter  of 
a  million,  has  been  secured  as  a  place  of  recreation  and  enjoyment 
for  the  public  for  ever.  This  district,  moreover — notwithstanding 
all  the  cruel  curtailments  it  has  sufifered— is  actually  a  bit  of 
primsBval  forest  land,  and  is  the  last  remnant  of  the  great  forest  of 
Essex,  once  extending  over  the  whole  county.  Here  in  the  merry 
months  of  May  and  June — especially  in  the  middle  of  the  week 
(avoiding  the  period  embraced  from  Saturday  to  Monday) --one 
may  hear  the  pleasant  harmony  of  the  thrush,  the  blackbird,  the 
lark,  and  the  linnet,  with  all  the  finches  for  chorus ;  whilst  a  host  of 
rare  birds  may  be  seen  by  the  early  riser,  who  knows  their  haunts, 
who  may  watch  the  kingfisher  by  the  brook,  or  listen  to  the 
entomologising  woodpecker,  or  discover  the  heron  knee-deep  in 
some  rushy  pool. 

Then  too  there  are  the  wild  animals.  The  fallow-deer  {Cervu» 
dama)  have  never  been  entirely  exterminated,  and  are  now  on  the 
increase.  They  are  said  to  be  lineally  descended  from  the  primitive 
stock  first  introduced  by  the  Romans  into  Essex,  and  to  difier  from 
those  preserved  in  other  park-lands  elsewhere. 

The  Eed-deer  (Cervua  daphuB),  and  the  Roe-buck  (Cervu$ 
eapreola)^  have  both  been  re-introduced.  These  deer  were  abundant 
in  this  very  district  in  prehistoric  times,  and  probably  down  to 
the  17th  century,  if  not  later.  The  other  denizens  are  hares,  rabbits, 
foxes,  badgers,  pole-cats,  martens,  and  some  lesser  forms  of  Mustelida. 

In  prehistoric  times,  as  we  know  from  the  excavations  at  Waltham- 
stow  (see  Obol.  Mag.  1869,  pp.  385-388),  we  had  in  addition  to  the 
above,  the  Wolf,  the  Beaver,  the  Wild-boar,  the  Elk,  wild  Oxen, 
and  Ooats.  In  Pleistocene  times  we  had  a  still  larger  number  of 
forms  which  are  now  extinct  or  exterminated  in  this  country,  com- 
prising Elephas  prtmigeniua,  E,  antiquus,  Spermophilui,  sp.,  Bhinoceroa 
tichorhinusj  B,  megarhinw,  and  B.  leptorhinus ;  Hippopotamus  major ; 
Bison  priscus ;  Bos  primigenius;  Ooibos  moschattts;  Cervus  megaceros, 
Certms  tarandus  ;  Felis  spelaa ;  and  many  others. 

The  forest  then  of  to-day  has  a  wonderful  history  of  its  own; 
going  back  through  Historic,  to  Prehistoric  times,  and  thence  to  the 
Pleistocene  period,  we  can  trace,  by  means  of  the  peat-deposits,  the 
Alluvium  and  the  Brick-earth,  one  fauna  as  it  succeeds  another, 
marking  not  only  great  changes  in  the  animals,  but  also  in  the 
climate  and  physical  conditions  of  the  district 

Mr.  Horace  B.  Woodward,  F.O.S.,  in  his  excellent  sketch  of  the 
Geology  of  the  Forest-area,  takes  us  even  beyond  this  point,  to  the 
Boulder-Clay,  the  Glacial  Deposits,  the  Bagshot  Beds  and  the  London 
Clay ;  we  cannot  however  give  a  fuller  notice  of  this  Guide  here, 
but  all  who  take  an  interest  in  the  suburbs  of  our  great  Metropolis 
will  secure  a  copy  of  this  excellent  little  Guide  for  themselves. 
The  illustrations  are  charming,  and  give  an  admirable  idea  of  the 
beauty  of  the  scenery  of  this  delightful  suburban  resort 
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V. — Memoies  op  the  Geoloqtoal  Subybt  of  India. 
Paljbontologia  Indioa. 

1.  Indian  Pbbtbrtiart  Vbrtebrata,  Series  IV.  Vol.  I.  Part  IV. 
The  Labybinthodont  from  the  Bijori  Group.  By  R.  Lydkk- 
KER,  B.A.,  F.G.S.,  F.Z.S.   Eoyal  4tx).  pp.  16,  with  4  Plates.   1885. 

A  S  far  back  as  1865,  Prof.  T.  H.  Huxley  described  the  remains 
s\  of  Dicynodon  orientalts,  HiixL,  and  of  Gomoglyptua  longirostna, 
Huxl.,  from  the  Panchet  group,  Damuda  series,  Gondwana  System  of 
India.^  These  basal  rocks  of  the  secondary  section,  which  may  be 
considered  homotaxial  with  the  Triassic  or  Permian  rocks  of  Europe, 
have  also  by  their  fossil  remains  an  affinity  with  the  Heptiliferous 
Triassic  deposits  beds  of  South  Africa.' 

Mr.  B.  Lydekker  in  the  present  memoir  makes  us  acquainted  with 
a  new  and  very  interesting  form  of  Labyrinthodont  reptile  from 
Bijori,  in  the  Central  Provinces,  for  which  he  has  proposed  the 
genus  GondwanoaauruSf  with  the  trivial  name  of  Bijoriensis.  The 
specimen  comprises  the  skull  and  a  considerable  portion  of  the  axial 
skeleton ;  most  of  the  bones  have  disappeared  and  are  represented 
by  moulds  or  cavities  in  the  sandstone  matrix.  The  skull  agrees 
very  closely  in  general  size  with  that  of  Loxomma  Allmanni,  Btuxl., 
from  the  Coal-measures  of  Northumberland  (see  Ann.  and  Mag. 
Nat  Hist.  ser.  4,  vol.  xiv.  pi.  iv.),  and  it  may  be  assumed  that  the 
present  specimen  indicates  an  animal  of  about  the  dimensions  of  that 
species.  The  structure  of  the  teeth,  the  presence  of  epiotic  bones, 
of  a  parietal  foramen,  and  the  structure  of  the  thoracic  shield,  leave 
no  doubt  of  the  labyrinthodont  nature  of  the  specimen. 

**  Qondioanosaurus  is  evidently  a  more  specialized  type  than 
ArchegosauruSy  although,  if  the  occipital  condyles  were  really  absent, 
it  agrees  with  the  family  Arehegosaurida,  and  differs  from  the 
Actinodontida.  The  specialization  indicates  an  approach  to  the 
higher  labyrinthodonts  like  Maatodonsaurus,  and  Labynnthodon ; 
this  being  marked  by  the  presence  of  large  tusks  in  both  jaws 
within  the  outer  series  (a  character  which  is  common  to  several  of 
the  American  Actinodontida),  and  of  the  inner  articular  buttress  to 
the  mandible.  The  absence  of  a  post-articular  process  to  the 
mandible  is  a  character  in  which  it  approaches  Loxomma  ;  and  it  is 
thus  easy  to  see  how  the  higher  forms  have  been  derived  from  the 
primitive  Archegosauria,  If  Bhytidosteus  belong  to  the  section,  it 
indicates  still  more  completely  the  transition,  since  the  structure  of 
the  teeth  is  almost  precisely  intermediate  between  that  of  Actinodon 
and  Arehegoaaurus  on  the  one  hand,  and  Maatodonscmrus  on  the 
other.  The  anchylosis  of  the  mandibular  symphysis  (which,  it  may 
be  remarked,  is  a  very  characteristic  feature  of  the  Crocodilia)  in 
Oondwanoaaurua  is  unknown  among  all  the  large  European  labyrin- 
thodonts of  which  the  mandible  is  figured,  although  it  occurs  in 
Bhytidoateua ;  it  is  not  mentioned  whether  it  is  found  in  any  of  the 

^  See  Palfeontologia  Indica,  series  iy.  vol.  i.  pt.  1,  1865,  pp.  24. 
'  See  papers  by  Dr.  Ottokar  Feistmantel  on  the  Gondw&na  Series  of  India,  Geol. 
Mao.  1876,  Decade  II.  Vol.  III.  pp.  481-491,  and  Vol.  IV.  1877,  pp.  188-189. 
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American  forms.  Finally,  there  can  be  but  little  doubt  from  its 
general  structure  that  Oondwanosaurus  was  an  aquatic  form." 

"The  range  in  time  of  Archegoaaurus  is  given  in  the  British 
Association  Beport  for  187'!:  as  exclusively  Carboniferous,  but  A, 
Deckeni  and  A,  latifrons,  Geinitz,  have  been  subsequently  described 
from  the  Lower  Permian  (Rothliegendes).  Zygoaaunis  ranges  from 
the  Lower  to  the  Upper  Permian.  The  European  Aciinodonttda  are 
all  of  Lower  Permian  age ;  while  the  American  forms  are  likewise 
referred  to  some  part  of  the  same  period.  Flatyopa  is  from  the 
Upper  Permian.  The  more  specialized  Bhyiidosietis  is  said  to  be 
from  Triassic  strata ;  but  there  are  good  grounds  for  believing  the 
formation  in  which  it  occurs  to  represent  more  than  one  European 
geological  period,  and  its  age  may  probably  be  given  as  somewhere 
between  the  Permian  and  Jurassic;  it  is  said  to  come  from  beds 
lower  down  in  the  series  than  those  which  have  yielded  the  mam- 
malian Tritylodon. 

Judging  from  the  foregoing,  the  age  of  Oondwanosaurus  should 
probably  be  (homotaxially)  Permian  ;  since  the  balance  of  evidence 
is  in  favour  of  regarding  the  Panchet  group,  which  immediately 
overlies  the  Bijori  group  in  which  Oondwanosaurus  was  found,  as  of 
Triassic  age,  the  Permian  age  of  the  Bijori  group  would  accord  well 
with  this  reference.  On  the  other  hand,  however,  the  labyrintho- 
dont  Brachyops  laticeps  fi'om  the  K4mthi  (Mangli)  group,  which, 
like  the  Bijori  group,  belongs  mainly  to  the  Upper  Damuda  series, 
is  allied  to  a  European  Jurassic  form  {Bhinosaurus)^  while  the  flora 
of  the  Damudas  has  in  many  respects  a  decidedly  Mesozoic  facies. 
What  is  already  known  of  the  distribution  of  fossil  floras  in  other 
parts  of  the  world  does  not,  however,  forbid  the  view  that  the 
Damudas  as  a  whole,  may  correspond  to  the  Upper  Palsdozoics,  with 
a  possibility  of  their  upper  beds  being  Lower  Triassic  ;  and  on  this 
view  the  occurrence  of  a  Labyrinthodont  allied  to  a  Jurassic  form 
should  probably  be  taken  to  indicate  that  this  group  originated  at  an 
earlier  period  in  India,  while  the  primitive  notochordal  forms  were 
still  in  existence.  Judging  from  the  degree  of  the  specialization  of 
BhytidosteuSy  the  strata  in  which  it  occurs  might  be  best  referred  to 
the  Trias,  and  preferably  to  the  lower  part  of  that  period ;  but  the 
points  already  mentioned  show  the  necessity  of  the  extreme  caution 
which  must  be  exercised  in  correlating  strata  from  the  occurrence  of 
a  single  terrestrial  form.  In  view  of  this  necessity  all  the  above 
suggestions  as  to  the  age  of  the  Damudas  must  be  regarded  as  purely 
provisional." 

2. — Indian  Tertiaby  and  Post-Tbrtiaby  Vkbtebbata.  Sebies  X. 
Vol.  iii.  Part  6.  Siwalik  and  Nabbada  Chblokia.  By  R. 
Lydbkkbb,  B.A.,  F.G.S.  With  10  plates,  pp.  56.  (Calcutta,  1885. 
Royal  4to.) 

MR.  LYDEKKER  has  rendered  this  a  most  valuable  memoir 
upon  a  very  diflficult  group  of  vertebrate  remains,  the  litera- 
ture of  which  is  exceedingly  scattered. 

Many  examples  of  the  fossil  Tortoises  and  Emyda  are  only  pre- 
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served  in  a  very  fragmentary  oondition,  and  as  the  shells  exhibit 
only  the  boundaries  of  the  bony  scutes  and  not  those  of  the  epidermal 
plates,  and  as  in  recent  species,  as  a  rule,  the  former  are  not  described 
and  are  invisible  without  the  removal  of  the  overlying  plates,  it  is  in 
such  cases  almost  impossible  to  determine  the  affinities  of  the  fossils. 

The  great  similarity  in  the  shells  of  many  existing  emydines,  and 
the  doubt  still  existing  as  to  the  number  of  species,  likewise  renders 
the  specific  determination  of  their  fossil  allies  a  matter  of  extreme 
difficulty. 

The  comparatively  small  number  of  forms  described  when  taken 
in  connexion  with  the  large  number  belonging  to  particular  groups 
indicates  that  we  are  at  present  only  acquainted  with  a  small  moiety 
of  the  whole  Siwalik  chelonian  fauna;  and  from  the  extremely 
interesting  nature  of  the  species  that  are  known  to  us,  the  attention 
of  collectors  may  be  particularly  directed  to  the  acquisition  of  ad- 
ditional specimens.  Most  of  the  species  of  Fossil  Tortoises  from  the 
Siwaliks  exhibit  an  intimate  affinity  with  those  now  inhabiting 
India,  and  afford  one  of  the  strongest  arguments  for  the  late 
geological  age  of  these  deposits. 

The  following  is  a  summary  of  the  genera  and  species  described 

by  Mr.  Lydekker  in  this  Memoir  : — 

Family  I.  TBSTUDiNmjB. 

Genoa  1 .  Cohssochelys  atlas,  Falc.  &  CautL    (4  other  species  described,  but  not  named). 

Family  II.  Emtdidjb. 

Oenns  1.  CUmmyt,     ip.  1.  C  tivalensi$,  Theo. 

2.  „  hydaspiea,  Lyd. 

8.  „  Theohaldi^    „ 

4.  „  punjahientiSf  Lyd. 

5.  „  ap.  indet, 

6.  „  palisindica,  Lyd. 

7.  t«  sp.  indet. 

Genus  2.  Panffshura,   sp.  1.  P.^viventris,  Giinth. 
2.    „  8p.  indet 
8.  Batagur,       sp.  1.  B,  Falconeri,  Lyd. 
2.    „  Bakeri,  Lyd. 

8.  „  Durandi^  Lyd. 
4.    „  sp.  indet 

6.    „  CautUyif  Lyd, 
Family  III.  Trionychidjb. 

Genns  1.  Emyda,        sp.  1.  E.  vUtata,  Peters. 

2.    „  Iweatay  Lyd. 

8.    „  SivaUnsis,  Lyd. 

4.    .,  paUeindica,  Lyd. 
Genoa  2.  Trumyx,      sp.  1.  T,  Oan^cus,  Covier. 

2.    „  sp.  indet 

8.    M  sp.     „ 
Genns  8.  Chitra,        sp.  1.  Ch.  indica.  Gray. 

The  ten  plates  which  illustrate  the  work  are  in  every  way 
worthy  of  so  excellent  a  monograph,  and  reflect  the  highest  credit 
upon  the  artist ^ 

VI. — Geology  of  South  Australia. 
1. — Notes  on  the  Eohunga  Gold-Field.     By  Henrt  T.  Lyell- 
Bbown,  F.G.S., .  Government    Geologist.     With  a   coloured 
Geological  Map.     (Adelaide,  1885.) 

IN  these  Notes,  Mr.  H.  Y.  L.  Brown  has  gathered  together  all  the 
availahle  information  about  Eohunga,  a  gold-field  which  appears  to 
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have  been  first  noticed  in  1852,  a  year  after  the  discovery  of  such 
marvellously  rich  auriferous  deposits  in  the  adjacent  Colony  of 
Victoria,  which  has  since  become  so  famous  for  its  gold-fields. 

The  district  of  Echunga  does  not  appear  to  have  ever  realized 
the  ardent  expectations  of  those  whose  only  ambition  seems  to  be  to 
get  rich  in  baste.  Between  30  and  40  claims  have  been  taken  np 
and  worked,  sometimes  by  individuals,  sometimes  by  companies ;  the 
G^overnment  appears  also  to  have  employed  the  services  of  prospectors 
and  to  have  paid  over  £1000  in  bounty  money  to  successful  explorers. 

No  regular  returns  seem  to  have  been  kept,  and  after  a  reef  or 
gully  proved  unprofitable,  it  was  abandoned,  and  no  record  left  of 
the  actual  results.  It  is,  however,  believed  that  the  total  amount 
of  gold  raised  since  1852  has  been  large. 

1.  Most  of  the  area  (about  ten  miles  long  by  six  miles  wide)  is 
composed  of  Lower  Silurian  rocks  consisting  of  conglomerates,  grits, 
quartzites,  sandstones,  clay-slate,  micaceous-slate  and  sandstone,  mica- 
schist,  etc.,  with  accompanying  felspathic  decomposed  dyke-like 
masses,  and  decomposed  greenstone  and  granite  veins. 

In  this  the  quartz-reefs  and  payable  gold-diggings  occur,  extend- 
ing for  nearly  the  entire  length  of  the  area. 

2.  Sands,  clay,  gravel  and  conglomerate  of  Pliocene  age  and  of 
variable  thickness  compose  the  Older  Gold  Drifts,  and  occupy  a  very 
considerable  area  in  the  central,  western,  and  southern  parts. 

3.  A  smaller  area  is  covered  by  oappings  of  sand,  clay,  gravel, 
etc.  (generally  at  a  higher  level  than  the  alluvium),  believed  to  be 
of  Newer  Pliocene  age.  These  deposits  occur  along  the  river  at 
various  places,  having  apparently  escaped  being  denuded  ofiEl  They 
form  the  Middle  Gold  Dnfl, 

4.  Lastly,  -  the  gullies  and  flats  are  occupied  by  alluvium,  clay, 
sand,  gravel,  etc.  This  forms  the  Upper  Gold  Drift  of  Post- Pliocene 
age.  Mr.  Brown  observes  that  besides  the  auriferous  channels 
gutters,  and  basins  which  have  been  worked  out  here,  it  is  probable 
that  many  others  exist,  which  can  only  be  discovered  by  sinking 
trial-holes  here  and  there,  where  the  ground  has  not  previously  been 
prospected. 

In  the  case  of  the  large  Tertiary  valley  which  extends  from 
near  Hahndorf  southwards  in  the  direction  of  Meadows,  and 
which  is  wider  and  deeper  and  at  a  lower  level,  it  is  probable  that 
much  water  would  be  met  with  in  sinking  in  the  deep  ground.  To 
prove  it,  a  series  of  shafts  should  be  sunk  across  the  valley,  so  that 
the  position  and  nature  of  the  deep  ground  might  be  ascertained. 
Judging  by  the  character  of  the  rocks  forming  the  ranges  bounding 
this  area,  and  the  auriferous  nature  of  the  country  generally,  there 
is  every  reason  to  expect  that  a  payable  auriferous  lead  exists  here. 

The  Map  which  accompanies  this  Memoir  is  a  large  one  (scale 
80  chains=l  mile) — about  two  inches  to  a  mile— and  is  very  care- 
fully executed,  and  well  suited  to  the  needs  of  a  large  mining 
district.  A  very  full  list  of  references  to  exact  spots  at  which  the 
rocks  and  minerals  have  been  examined  and  determined  accompanies 
the  map. 
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2. — Reports  on  Geologt  of  Country  East  of  Farina  and 
Northward  to  Lat.  23°  10'.  By  Harry  P.  Woodward, 
F.Q.S.,  Assistant  Government  Geologist  With  a  Boute-Map 
from  Farina  Town  through  a  portion  of  Queensland  to  Adam 
Banges  in  the  Northern  Territory. 

THIS  consists  of  an  itinerary,  with  jottings  by  the  way  for  upwards 
of  600  miles,  during  a  trip  to  the  North  with  the  Queensland 
Boundary  Survey  Party  from  Farina  to  about  lat.  23^  16',  showing 
the  route  traversed  by  the  party  from  December,  1883,  to  September, 
1884. 

The  country  appears  to  be  for  the  most  part  very  uninteresting, 
geologically  speaking,  consisting  of  stony  flats,  and  stony  plains, 
varied  by  stretches  of  say  160  miles  of  nothing  but  sand-hills  and 
flats  running  north  20°  west,  about  two  to  the  mile,  and  from  50  to 
100  feet  in  height.  In  other  parts  the  sand-hills  are  varied  by  flat- 
topped  table-hills,  and  occasionally  wide  tracts  of  flooded  plains ; 
then  for  variety  more  sand-hills,  then  more  day  flats  strewn  with 
stones  of  desert  quartzite,  and  then  again  more  sand-hills. 

A  fine  water-hole  with  sweet  drinkable  water  seems  to  be  the 
highest  luxury  the  country  a£fords.  Many  of  the  wells  and  water- 
holes  are  brackish,  and  nearly  all  contain  so  considerable  a  per- 
centage of  saline  ingredients  as  to  render  them  at  first  mipleasant  to 
the  taste,  and  nauseous  to  the  stomach. 

The  Secondary  formation  found  near  Farina  and  the  north  end  of 
the  range  generally,  continues  north  for  about  150  miles  from  the 
east  and  west  Boundary  line,  and  the  rocks  are  mostly  ferruginous 
sandstones  and  quartzites,  white  felspathic  quartzose  sandstone, 
pipe-clay,  and  blue  clay,  overlain  by  Tertiary  table-hills  of  Jasper- 
rock  ('* desert  quartzite'')  with  gypseous  marls,  marlstones,  and 
clay,  also  the  newer  or  Post-Tertiary  sandhills,  drifts,  and  clays. 

The  sandhills  appear  to  derive  their  origin  from  the  weatheiing  of 
the  Tertiary  and  Jasper- rock,  with  which  all  the  clay-flats  are 
strewn,  most  probably  whilst  this  country  was  under  the  action  of 
waves  in  a  shallow  sea;  the  salt  also  seems  to  point  to  the  same 
conclusion. 

The  direction  of  the  sand-hills  is  apparently  governed  by  the 
wind,  as  sand  has  always  a  tendency  to  form  in  ridges  at  right 
angles  to  the  prevailing  winds,  and  generally  travels  before  it,  as 
these  hills  are  evidently  doing,  although  very  slowly,  being  very 
steep  on  the  east  side,  whilst  the  west  rises  with  a  gradual  slope ; 
their  motion  is,  however,  greatly  checked  by  vegetation,  which  is 
pretty  thick  on  their  slopes.  This  wind  action  is  also  the  cause  of 
the  height  of  the  sand-hills,  as  the  wind  piles  the  sand  from  the 
flats  up  the  gently-rising  western  acclivity,  but  does  not  so  rapidly 
force  it  down  over  the  eastern  slope. 

In  a  second  short  *'  Eeport  on  the  Mines.  Hills,  etc.,  of  the  Bange 
to  the  east  of  Farina  and  Leigh's  Creek  Bailway  Station,"  mention 
is  made  of  "  Mount  Babbage,"  eta,  from  whence  the  Cycadean 
remains  recorded  in  our  last  number  (Gbol.  Mao.  July,  pp.  289- 
293,  PI.  VII.)  were  obtained. 
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"  There  are,"  writes  Mr.  H.  P.  Woodward,  "  one  or  two  patches 
of  the  Tertiary  and  Secondary  formations  left  as  *  outliers,'  capping 
some  of  the  hills,  as  Mount  Bahhage  and  the  Cutaway  Hills ;  also  a 
small  patch  near  Mount  Fitton,  which  is  all  that  is  left  of  what  once 
filled  the  hasin  here.  The  plains  which  flank  the  ranges  to  the 
north,  east,  and  west  are  of  Secondary  age,  and  consist  of  clays  with 
Tertiary  table-hills  of  quartzite  and  gypseous  marls."  This  country 
seems  to  o£fer  some  opening  prospect  in  the  future  to  the  miner; 
several  copper-mines  actually  exist  among  the  hills,  and  there  seems 
to  be  a  fair  supply  of  drinkable  water,  but  whether  sufficient  for 
mining  purposes  on  any  large  scale  seems  doubtful. 

YJI. — ^Fauna  dbr  Qaskohlb  und  deb  Ealkstbinb  der  Pkrmfor- 
MATioN  BoHMBNS  TOM  Dr.  Ant.  Fritsoh.     Band  II.,  Heft  I. 

Prag.  1885.     Published  by  the  Author.     (Sold  by  Fr.  Bivnao. 
London  :  Triibner  and  Co.) 

IN  some  introductory  remarks  the  author  states  that  the  second 
volume  will  be  largely  devoted  to  Amphibians  in  which  the  teeth 
show  a  labyrinthio  structure.  From  the  circumstance  that  these 
remains  are  more  disconnected,  they  are  often  determined  with 
difficulty.  The  teeth  exhibit  two  principal  types,  first,  that  in  which 
the  plication  is  simple  and  rather  irregular;  and  secondly,  that 
which  has  a  typical  labyrinthic  structure.  The  characters  of  the 
Tertebral  column  are  less  easily  classified ;  and  the  vertebraa  are  not 
always  ossified  and  preserved.  Dr.  Fritsch  offers  some  critical 
remarks  on  Cope's  classification  of  vertebral  characters,  observing 
that  even  in  Archagosaurus  the  thoracic  vertebras  are  rachitomous, 
while  the  caudal  vertebrse  are  embolomerous ;  so  that  the  two  groups 
Bachitomi  and  Embolomeri  appear  to  be  founded  on  characters  of 
different  parts  of  the  same  vertebral  column. 

The  volume  opens  with  some  account  of  the  Dendrerpetontidas. 
The  Bohemian  species  of  Dendrerpeton  are  all  new,  and  are  named 
D,  pyriticum,  D.  foveolatum,  and  D.  ?  deprivatum.  Dendrerpeton 
pyriticum  is  known  from  skulls  which  are  53  mm.  long,  and  48  mm. 
wide.  The  orbits  are  subcircular,  nearly  midway  in  the  length  of 
the  head,  and  separated  from  each  other  by  more  than  an  orbital 
diameter.  The  foramen  parietale  is  one  millimetre  long,  and  is  in 
the  middle  of  the  length  of  the  parietal  bones.  The  nares  are  not 
shown.  The  bones  of  the  upper  surface  of  the  skull  are  ornamented 
with  small  pits  and  radiating  grooves.  The  premaxillary  bone 
carries  six  rather  long  slender  teeth,  which  are  curved  backward, 
and  are  two  and  a  half  times  as  long  as  the  base  is  broad.  The  base 
has  about  14  furrows.  The  maxillary  bone  is  half  as  long  as  the 
skull,  and  carries  from  17  to  20  teeth,  which  become  smaller  from 
the  front  backward,  so  that  the  sixteenth  is  only  half  as  long  as  the 
first  The  nasal  bones  are  the  longest  median  bones  in  the  roof  of 
the  skull.  The  processes  which  are  analogous  to  occipital  condyles, 
the  author  regards  as  processes  of  the  supra-occipital  bones  or 
capable  of  being  otherwise  intei-preted. 

On  the  palate,  the  large  vomerine  bones  unite  with  the  pre- 
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maxillaries.  In  the  anterior  third  of  the  vomer  is  a  single  strong 
tooth  with  a  small  tooth  behind  it  The  palatine  is  imperfectly 
preserved.  The  slender  anterior  part  which  is  alone  known  has  a 
single  furrowed  tooth  as  large  as  those  in  the  premaxillary.  The 
pterygoid  is  also  badly  preserved  :  there  are  traces  of  denticulation 
on  its  hinder  border.  The  parasphenoid  is  remarkably  small,  with 
the  shield  deeply  notched  on  each  side  and  the  median  spine  short. 
The  anterior  half  of  the  shield  shows  close-set  marks  of  attachment 
for  small  denticles. 

Dendrerpeton  foveolnium  has  a  shorter  and  broader  skulL  ITie 
bones  of  the  head  are  marked  with  punctations  as  though  made 
with  a  needle.  The  lower  jaw  appears  to  carry  30  teeth,  with  a 
large  tearing  tooth  in  front 

Dendrerpeton  deprivatum  is  known  from  a  skull  five  centimetres 
long,  which  is  nearly  as  long  as  broad,  and  triangular  in  form.  The 
orbital  circles  are  one  and  a  half  times  their  diameter  apart,  and  in 
the  middle  of  the  skull.  The  upper  bones  of  the  head  are  pitted  with 
little  holes,  which,  when  magnified,  resemble  those  of  the  crocodile, 
but  there  are  also  more  minute  pittings  on  the  elevated  interspaces. 
On  the  hinder  border  of  the  orbit  the  post-orbital  bone  shows  a  porous 
character.  An  extra  bone  occurs  between  the  post-frontal  and 
squamosal,  and  is  regarded  by  the  author  as  a  dismemberment  of 
the  squamosal.  Tlie  parietal  bones  are  relatively  long,  and  reach 
forward  to  between  the  middle  of  the  orbits. 

The  family  Diplovertebridae  includes  amphibians  of  similar 
aspect  to  Dendrerpeton,  with  caudal  vertebrae  which  consist  of  two 
segments,  the  anterior  of  which  carries  the  neural  arch  and  the  ribs, 
while  the  posterior  part  is  merely  a  similar  vertebral  body  without 
processes.  The  skull-bones  are  not  pitted,  and  their  only  ornament 
IS  radiating  lines  on  each  bone.  This  type  is  only  known  from  one 
species,  which  was  about  half  a  m^tre  long. 

Dtplovertehron  punctatum.  The  skin  was  defended  on  the  abdominal 
surface  by  long  scales,  but  there  is  no  proof  that  the  back  was 
armoured.  The  premaxillary  bone  carried  five  curved  teeth.  They 
are  twice  as  long  as  broad.  There  are  23  teeth  in  the  maxillary 
bone,  and  the  first  two  are  rather  stronger  than  the  others,  which 
show  no  decrease  in  height  as  they  extend  backward.  They  are 
three  times  as  long  as  wide,  and  distinctly  furrowed  in  the  lower 
third.  In  the  lower  jaw  the  teeth  are  much  smaller,  and  number  44. 
The  first  seven  are  the  longest,  and  the  third  tooth  is  the  strongest 
in  the  lower  jaw.  In  both  jaws  the  teeth  seem  to  have  an  alter- 
nating arrangement,  so  as  to  be  approximately  in  two  parallel  rows. 
The  vertebras  have  the  bodies  but  very  slightly  cupped.  The  author 
accounts  for  the  double  body  by  supposing  that  the  inter- vertebral 
portion  of  the  notochord  has  persisted  and  become  separately 
ossified.  The  accessory  centrum  is  as  large  as  the  principal  centrum. 
The  ribs  are  thin  and  angularly  bent  in  their  upper  third  ;  in  large 
specimens  both  capitulum  and  tuberculum  are  seen.  The  pelvic 
girdle  is  well  developed. 

The  author  is  uncertain  whether  the  Archasgosauridaa  is  represented 
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in  Bohemia ;  but  his  studies  of  German  specimens,  embodying  con- 
clusions similar  to  those  presented  by  Qaudry  to  the  Geological 
Society  of  France,  show  that  the  vertebrae  of  the  thorax  consist  of 
four  pieces  which  may  be  named  neural  arch,  two  lateral  ossifications 
termed  pleuraoentra,  to  which  the  ribs  are  attached,  and  an  inferior 
median  piece,  the  hypocentrum.  Young  individuals  show  no  trace 
of  these  elements,  so  that  the  vertebral  column  is  inferred  to  have 
been  notochordal.  The  upper  arch  ossified  first,  and  then  the 
hypocentrum.  In  the  caudal  vertebrsd  the  hypocentrum  is  laige 
and  well  developed,  while  the  pleuraoentra  seem  less  perfectly 
ossified,  and  in  the  position  of  the  normal  centrum.  The  Bohemian 
specimen  which  most  resembles  Arehagosaurus  the  author  describes 
as  Sparagmites  laceriinus,  though  recognising  that  it  were  preferable 
to  leave  them  unnamed  on  account  of  their  fragmentary  character. 
These  remains  indicate  an  amphibian  40  or  50  cm.  long.  The 
caudal  vertebras  show  the  neural  arch  and  rib  to  be  well  ossified, 
but  the  elements  of  the  centrum  are  imperfectly  ossified. 

The  genus  Loxomma  is  represented  by  a  jaw  and  teeth  described 
as  L.  Bohemicwn.  Chelydosaurtia  want  is  a  powerful  amphibian, 
about  a  m^tre  long,  much  resembling  Archagosaurus,  but  with  the 
vertebral  column  better  ossified,  with  the  ribs  expanded  at  their 
distal  ends,  and  the  tarsus  well  developed.  It  has  the  aspect  of  a 
half-grown  Crocodile,  the  head  being  relatively  large ;  and  the  tail 
is  apparently  longer  than  the  body.  The  longest  skull  is  14  cm. 
long  and  12  cm.  broad.  The  longest  thomx  is  48  cm.  long  and 
15  cm.  broad.  The  back  yields  no  indication  of  armour,  but  the 
abdominal  shield  is  well  developed.  It  consists  of  64  rows  of  plates, 
arranged  obliquely,  with  six  to  eight  plates  in  each  row.  Some 
scales  show  signs  of  wear  during  life,  as  though  by  the  animal 
crawling  over  stones  and  sand.  The  scales  are  three  times  as  long 
as  broad,  and  the  rows  they  form  have  almost  the  aspect  of  ribs, 
which  is  remarkable,  because  their  mode  of  union  in  the  median  line 
offers  a  form  which  is  only  comparable  to  the  capitulum  and  tuber- 
culum  of  the  rib.  Besides  this  abdominal  armour,  in  which  the  rows 
of  scales  are  directed  backward,  there  are  on  each  side  of  the  median 
thoracic  plate  about  eight  rows  of  scales,  which  are  directed  forward. 

The  snout  appears  to  elongate  with  age,  and  in  this  character 
resembles  Archagosaurus,  The  orbits  are  oval,  and  behind  the 
middle  of  the  length  of  the  skull.  The  parietal  foramen  is  small, 
and  far  behind  the  eyes.  The  bones  of  the  upper  surface  of  the 
skull  are  wrinkled  and  puckered  rather  than  pitted,  so  that  the 
sutures  between  the  bones  are  made  out  with  difficulty.  The 
premaxillaries  carry  about  six  blunt  cylindricid  teeth.  There  are 
two  circular  depressions  in  the  hinder  portions  of  these  bones, 
which  are  regarded  as  narial.  The  maxillary  bones  extend  back- 
ward almost  to  the  orbits,  and  carry  25  teeth,  of  which  those  in  the 
middle  portion  are  largest  The  nasal  bone  is  twice  as  long  as 
broad,  but  appears  to  increase  in  relative  length  with  age.  The 
frontal  bone  is  twice  as  broad  in  front  as  behind,  and  four  times  as 
long  as  wide  in  the  middle.     The  post-orbital  bone  forms  the 
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external  border  of  the  orbit,  excluding  the  jugal,  meeting  the  pre- 
frontal in  front,  and  the  post-frontal,  squamosal  and  supra-temporal 
behind.  The  jugal  is  greatly  elongated,  reaching  forward  with  the 
maxillary  to  the  anterior  angle  of  the  nasal  bones,  and  backward 
to  the  end  of  the  maxillary  bone  behind  the  orbit  The  parietal 
bone  is  remarkably  small,  being  only  one-fifth  the  length  of  the 
skull.  The  epiotic  bone  terminates  posteriorly  in  a  blunt  point. 
The  supra-temporal  bone  is  very  large,  and  forms  nearly  a  third  of 
the  hinder  part  of  the  skull.  The  quadrato-jugal  is  longer  than  the 
supra- temporal,  and  margins  it  externally.  The  condition  of  the 
condyle  is  not  quite  clear,  but  the  condyle  is  apparently  bilobed, 
and  there  is  no  evidence  that  the  basi-occipital  enters  into  it.  In  the 
lower  jaw  there  were  26  to  30  slender  teeth,  with  furrows  at  the 
base. 

The  vertebral  column  includes  23  vertebrse  in  the  thorax,  two  in 
the  sacrum,  and  about  35  to  40  in  the  tail.  The  large  hypocentrum 
of  the  vertebra  is  constricted  in  the  middle  like  a  dice-box,  and  is 
deeply  cupped  for  the  unossified  part  of  the  notochord.  The  pleura- 
centra  are  small  ossifications  at  the  sides,  seen  in  both  the  thoracic 
and  caudal  vertebrsd.  Below  these  ossifications,  and  between  the 
hypocentra,  are  small  hypocentra-pleurale.  In  the  caudal  vertebrsa 
these  latter  ossifications  appear  as  inferior  spinous  processes.  The 
author  traces  the  modifications  of  these  vertebral  elements  in  the 
several  regions  of  the  vertebral  column ;  and  shows  that  the  pleura- 
centrum  in  the  caudal  vertebrae  of  this  genus  is  not  placed  between 
the  hypocentrum  and  neural  arch,  as  in  the  figure  of  Euchirosaurm, 
given  by  Gaudry,  but  is  placed  between  two  neural  aixshes,  in  a  way, 
we  may  remark,  that  becomes  more  intelligible  from  Professor  Basse's 
researches  on  Elasmobranch  fishes.  The  author  is  disposed  to  appeal 
to  the  keeled  leaf- shaped  inferior  processes  of  the  vertebras  as  throw- 
ing light  upon  the  keels  in  the  caudal  vertebrae  of  crocodiles.  But 
those  processes  might  be  appealed  to  in  elucidation  of  the  chevron 
bones ;  and  the  keels  on  the  crocodilian  caudal  centrum  are  readily 
comprehended  as  the  longitudinal  extension  of  the  chevron  facets 
consequent  upon  the  increase  in  size  of  the  vertebra  with  age. 

The  ribs  are  thickened  at  the  proximal  end,  without  definite 
capitulum  and  tuberculum,  rounded  and  flattened  at  the  distal  end, 
and  never  longer  than  four  times  the  length  of  the  vertebra.  In 
the  sacral  region  the  ribs  become  transformed  into  powerful 
transverse  processes  like  those  seen  in  Melanerpeton  and  Spheno- 
saurm,  and  comparable  to  the  structures  seen  in  young  crocodiles 
and  Chelydra  serpentina. 

The  clavicle  is  a  long  stalk-shaped  bone  placed  anterior  to  the 
coracoid.  The  coracoid  is  expanded,  subtriangular,  with  a  posterior 
stalk  process.  Between  the  ooracoids  is  the  rhombic-shaped  inter- 
clavicle.  In  the  restoration  a  scapula  is  shown  extending  dorsally 
over  the  ribs. 

The  fore  arm  is  shorter  than  the  upper  arm.  There  are  five  digits 
in  which  the  number  of  bones  is  1,  2,  3,  2,  1.  The  pelvis  consists 
of  three  bones  on  each  side,  which  are  united  into  an  os  itmominatum. 
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and  are  about  equally  long.  The  ilium  is  small  and  elongated.  It 
joins  the  ischium  behind,  and  from  the  point  of  union  a  small 
forwardly  directed  pubis  is  given  off.  The  hind  limb  is  large  and 
well  preserved.  The  tibia  and  fibula  are  both  remarkably  widened 
at  the  distal  end.  The  tarsal  bones  are  few  in  number ;  astragalus, 
calcaneum,  and  two  tarsal  bones  of  the  second  row  are  identified. 
There  are  five  digits  in  which  the  number  of  phalangeal  bones 
is  1,  2,  3,  4,  3. 

SphenoBaurus  Sternbergii  (Herm.  von  Meyer).  The  skull  in  this 
type  is  unknown,  and  the  skeleton  described  has  already  been  treated 
of  by  Fitzinger  and  von  Meyer.  It  consists  of  18  thoracic  vertebrae, 
sjicral  vertebras,  and  a  few  tail-vertebrad,  the  pelvis  and  both  femora. 
The  characters  of  the  vertebrsd  may  be  sufficiently  gathered  from  the 
accompanying  figures. 


pie 


? 


'plc. 


Restoration  of  a  Tertebra  of  Sphrnno-  Vertebra    of    Sphcenosauriu   Stemhergii 

MWU8  Sternbergii  (H.   Ton  M.),  (H.  Ton  Meyer).      Natural  size,  seen 

seen  from  the  side.  from  below. 

e.  Hypocentrum  arcale ;  s.  Hypocen- 

trum  nleurale  ;  pie.  Pleurocentmm  ;   rf.  Superior  spinous  process ;   a.  Prezy- 
gapopnysis ;  p,  Postzygapophysis  ;  m.  Pleurapophysis. 

The  early  ribs  are  six  times  as  long  as  the  vertebra  with  which 
they  are  connected ;  but  they  are  shorter  posteriorly,  so  that  the  16th 
is  only  as  long  as  the  vertebra.  Caudal  ribs  are  developed  and  attached 
by  a  broad  plate  which  makes  the  base  triangular.  The  pelvis 
resembled  that  of  Chelydosaurus, 

Cochleosaurus  Bohemicus. — This  species  is  known  from  a  skull,  in 
which  the  anterior  part  is  not  preserved,  but  the  length  is  estimated 
at  17  cm.  and  the  breadth  at  16  cm.  The  orbits  are  relatively  small, 
oval,  separated  by  twice  their  diameter.  The  parietal  foramen  is 
inconspicuous.  The  upper  surface  of  the  skull  is  covered  with 
angular  pits  of  varying  size,  which  radiate  over  the  bones  on  which 
they  occur,  and  obscure  the  sutures.  The  jugal  bones  are  unusually 
wide  and  large.  The  supra-occipital  bones  are  prolonged  backward 
into  remarkable  spoon-shaped  processes,  more  like  those  which  are 
common  in  the  epiotic  bones.  A  second  species,  Cochleoaaurus  fahx, 
is  founded  on  a  supra-occipital  bone  of  a  small  animal,  in  which  the 
posterior  process  is  expanded  in  a  triangular  form.  The  surface  of 
the  bone  is  marked  with  two  large  furrows  and  many  small  ones. 

Oaudrya  latiatoma  has  a  skull  which  is  semicircular  in  front,  with 
densely  placed  teeth  in  the  premaxillary  and  maxillary  bones ;  the 
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Tomerine  bones  are  strongly  toothed,  and  the  palatine  bones  lai^ 
and  finely  denticulated.  There  are  seventeen  teeth  in  the  pre- 
maxillary  bone  on  each  side.  They  increase  in  size  a  little  as  they 
extend  backward.  They  have  a  large  pulp  cavity  and  a  furrowed 
base^to  the  crown,  as  in  the  preceding  types.  A  second  rudimentary 
row  is  indicated  by  a  row  of  five  small  processes..  The  vomer  is 
small,  and  carries  seven  large  teeth  in  two  rows  in  the  anterior 


Cochleoaaurus  Bohemieus,     One-third  natural  size  ;   restored. 

/.  frontal.    Ft,  post  frontal.    Ff,  pre-frontal.    /.  jugal.     Fa,  parietal. 

$0,  supra-oocipital.    ep,  epiotic.    $q,  squamosal. 

half;  and  there  is  a  transverse  row  of  small  teeth  at  the  posterior 
border.  The  palatine  bone  is  unusually  large,  and  shaped  as  in 
crocodiles ;  it  is  three  times  as  long  as  broad ;  and  the  inner  borders 
are  in  contact  throughout  their  length.  Its  anterior  border  is  in 
contact  with  the  vomer  and  the  premazillary  bone,  and  its  outer 
border  is  notched  to  form  part  of  the  palatal  foramen.  The  lower 
jaw  appears  to  have  contained  about  seventeen  teeth. 

This  short  notice  may  draw  attention  to  the  remarkable  materials 
which  Professor  Fritsch  has  admirably  described  and  figured,  but  it 
can  convey  no  idea  of  the  excellence  of  the  collateral  discussions 
with  which  he  has  enriched  a  work,  that  grows  in  merit  as  it 
progresses.  H.  G.  Sbklet. 


Gkologioal  Society  op  London. 
June  24,   1885.— Prof.  T.   G.   Bonney,    D.Sc,   LL.D.,   F.R.S., 
President,  in  the  Chair. — ^The  following  communications  were  read  : 
1.  <*  Supplementary  Notes  on  the  Deep  Boring  at  Bichmond, 
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Surrey."  By  Prof.  John  W.  Judd,  F.RS.,  Seo.G.S.,  and  Collett 
•  Homersham,  Esq.,  F.G.S. 

Since  the  author's  former  communication  to  the  Society  on  the 
subject,  this  boring,  in  spite  of  the  strenuous  efforts  made  by  the 
Biohmond  Vestry  and  the  contractors,  Messrs.  Docwra  and  Co.,  has 
had  to  be  abandoned,  after  reaching  a  total  depth  of  1447  feet  from 
the  surface.  This  depth  is  145  feet  greater  than  that  of  any  other 
well  in  the  London  Basin,  and,  reckoning  from  Ordnance  Datum, 
reaches  a  lower  level  by  312  feet  than  any  other  well  in  the  district. 

Before  the  termination  of  the  work,  temperature-observations 
were  obtained,  which,  generally,  confirm  those  previously  arrived  at. 

The  strata  in  which  the  boring  terminated  consisted  of  the  red 
and  variegated  sandstones  and  marls  previously  described,  which 
were  proved  to  the  depth  of  208  feet  Although  it  was  demon- 
strated that  these  beds  have  a  dip  of  about  30°,  complicated  in 
places  by  much  false-bedding,  no  conclusive  evidence  could  be 
obtained  concerning  their  geological  age.  They  may  be  referred 
either  to  some  part  of  the  Poikilitic  series,  or  to  the  Carboniferous 
(for  similar  strata  have  been  found  intercalated  in  the  Carboniferous 
series  at  Gay  ton,  near  Northampton),  or  they  may  be  regarded  as  of 
Old  Bed  Sandstone  age. 

Some  interesting  additional  observations  have  been  made,  since 
the  reading  of  the  former  paper,  on  the  Cretaceous  rocks  passed 
through  in  this  well.  Mr.  W.  Hill,  F.G.S.,  of  Hitchin,  has  found 
the  exact  analogue  of  the  curious  conglomerated  chalk  met  with  at 
a  depth  of  704  feet  at  Bichmond.  His  observations  entirely  confirm 
the  conclusion  that  we  have  at  this  depth  the  ''  Melbourne  Bock  " 
with  the  zone  of  Belemnitea  plenus  in  a  remanii  condition  at  its  base. 
Some  new  facts  concerning  the  state  of  preservation  of  the  fossils 
in  the  Chalk  Marl  are  also  recorded. 

With  respect  to  the  conclusions  arrived  at  by  the  author  concern- 
ing the  distribution  of  the  Jurassic  rooks  on  the  south  side  of  the 
London  Basin,  an  important  piece  of  confirmatory  evidence  has  been 
supplied  by  a  deep  boring  made  at  the  Dockyard-Extension  Works 
at  Chatham.  This  section,  for  the  details  of  which  the  authors  are 
indebted  to  the  officers  of  the  Geological  Survey,  shows  that  under 
the  Chalk  and  Gault,  with  normal  characters  and  thickness,  there 
lie  41  feet  of  sandy  strata  of  Neocomian  age,  and  that  these  are 
directly  underlain  by  blue  clays  of  Middle  Ozfordian  age,  as  is 
proved  by  the  numerous  fossils  which  they  have  yielded.  We  have 
now,  therefore,  direct  evidence  of  the  existence  and  position  of  strata 
of  Lower,  Middle,  and  Upper  Oolite  age,  respectively,  beneath  the 
Cretaceous  rocks  of  the  south-east  of  England. 

2.  **  On  the  Igneous  and  Associated  Bocks  of  the  Breidden  Hills 
in  East  Montgomeryshire  and  West  Shropshire."  By  W.  W.  Watts, 
Esq.,  F.G.S. 

The  author,  in  this  paper,  described  the  succession  of  rocks  in  the 
•mall  tract  near  the  Breidden  Hills  situated  between  Welshpool  and 
Shrewsbury.    The  Cambrian  rocks  are : — 

a.  Criggion  Shales,  dark  and  barren,  much  penetrated  by  intrusive 
diabases  and  about  2700  feet  thick. 
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h.  Andesitio  lavas  and  asbes,  followed  by  conglomerates  of  tbe 
same  materials. 

e.  Ashy  grits  and  shales  containing  Climacograptus  anttqwis  f  C. 
btcornisf  C.  Scharenbergi,  Cryptograpsns  tricornis,  Diplograpsus 
foliaceus,  Leptograpsus  flaccidus  ?  Beyrichia  complieata,  Trinucletis 
concentricus,  Orihis  tesiudiuariaf  Bellerophon  bilobatus.  The  rocks 
are  thus  of  Bala  age,  the  fossils  indicating  that  the  ashy  grits  and 
shales  are  on  the  horizon  of  the  top  of  the  Glenkiln  or  bottom  of 
the  Hartfell  series. 

These  are  followed  by  Silurian  strata. 

a.  P^Ti^atnerus-beds.  Soft  sandstones  and  mudstones  yielding 
Pentnmerus  globosus  ?  P.  oblonguSy  P,  undatuSj  Leptana  transversalis, 
Strophomena  rhomboidalis,  Petraia  subduplicata, 

b.  Purple  shales,  unfossiliferous. 

c.  Lower  Wenlock  Shale,  with  Monograptus  vomerinus  f  Crypio- 
grapsusy  sp.,  M,  priodon,  var.  Flemingi.     These  graduate  into : — 

d.  Upper  Wenlock  Shale,  with  M.  priodon,  M.  vomerinus  f  M. 
basilicHS,  M.  Nilssoni,  M.  Beemeri. 

e.  Lower  Ludlow  Shale.  M.  colonus,  M,  Nihsoni,  M.  Saltoeyi,  M. 
lintwardenensts. 

The  paper  concluded  with  microscopical  descriptions  of  the  igneous 
rocks,  of  which  there  are  two  sets : — 

a.  An  older  set  interbedded  with  the  Cambrian  and  consisting  of 
andesites  bearing  a  large  percentage  of  a  mineral  allied  to  enstatite, 
together  with  augite  and  a  small  quantity  of  hornblende  and  mica. 
These  are  chiefly  lavas,  but  some  few  are  perhaps  intrusive  rocks  and 
dykes. 

6.  Intrusive  rocks  of  a  diabase  type,  generally,  however,  contain- 
ing a  variety  of  enstatite  identical  with  that  in  the  andesites.  These 
are  intrusive  in  the  Cambrian  rocks,  and  from  their  relations  appear 
to  be  most  probably  of  Post-Silurian  age. 

3.  **  Note  on  the  Zoological  Position  of  the  genus  Microchcsrvs, 
Wood,  and  its  apparent  Identity  with  Hyopsodus,  Leidy."  By  E. 
Lydekker,  Esq.,  B.A.,  F.G.S. 

In  this  paper  the  author  discussed  the  character  of  the  genus 
Microcharus,  Wood,  from  English  Upper  Eocene  deposits,  which 
has  hitherto  been  regarded  as  an  Ungulate  form,  and  showed  that 
it  is  really  an  Insectivore.  He  also  indicated  that  the  American 
Eocene  form  Hyopsodus,  Leidy,  is  almost  certainly  identical  with 
MicrochcBTUS. 

4.  "  Observations  on  some  imperfectly  known  Madreporaria  from 
the  Cretaceous  Formation  of  England."    By  E.  F.  Tomes,  Esq.,  F.G.S. 

This  communication  contained  notes  on  several  species  of  Cre- 
taceous corals.  The  author  considered  that  Smilotrochus  tnsignis  of 
Duncan  must  be  referred  to  the  genus  Ceratotrochus,  that  S.  granu-- 
latus,  Duncan,  was  founded  on  immature  specimens  of  Trochoeyathus 
Wiltshirei,  Duncan,  that  Micrabaeia  Fitioniy  Duncan,  is  a  variety 
of  Cyclocyathus  Fittoni,  that  the  genus  Podoseris,  Duncan,  and  pro- 
bably Syzygophyllum,  Reuss,  are  the  same  as  Bhtzangia,  M.-Edw. 
and  Haime,  and  consequently  P.  mammiliformiSf  Duncan,  and  P. 
elongata,  Duncan,  are  species  of  Bhizangia.    He  further  states  that 
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Turhtnoserts,  Dancan,  is  identical  with  Leptophylliay  of  Eeuss,  and 
as  the  specifio  name  de  Fromenieli  is  preoccupied  in  the  latter  genus, 
he  proposed  to  substitute  the  name  LeptophylUa  anglica^  Tomes,  for 
Turbinoaeris  de  Fromenieli^  Duncan.  A  new  species,  probably  of 
Smilotrochu8y  from  the  Gault  of  Folkestone,  and  a  new  hastroea  from 
Atherfield,  were  described,  and  notes  added  on  the  occurrence  in 
British  localities  of  Barysmilia  tvberosa,  Reuss,  JB.  Cordieri,  M.-Edw. 
and  Haime,  Fleurosmilia  neocomiensis,  £.  de  From.,  of  a  small  form 
of  Aslroceeniaj  and  of  Isastroea  Retiasiana,  M.-Edw.  and  Haime 
{7=1X1  lophy Ilia  crispa^  Reuss.).  Tlie  occurrence  of  Beaumontia 
Egertoni,  derived  from  the  Carboniferous  Limestone,  in  the  Upper 
Greensand  of  Cambridge,  was  reported. 

6.  "Correlations  of  the  Curiosity-Shop  Beds,  Canterbury,  New 
Zealand."     By  Capt.  F.  W.  Button,  F.G.S. 

The  "  Curiosity  Shop  "  is  a  locality  on  the  River  Rakaia  in  the 
Canterbury  Plains,  and  has  been  thus  named  on  account  of  the 
numerous  fossils  found  in  some  calcareous  sandstones  cut  through 
by  the  river.  The  section  exposed  consists  of — 1.  River-gravels. 
2.  Loose  grey  quartz  sands.  3.  Soft  calcareous  sandstone  with  glau- 
conite,  passing  downwards  into  tufaceous  clay.  4.  Calcareous  sand* 
stone  without  glauconite.  5.  Loose  grey  or  yellowish  brown  sands. 
By  McKay,  of  the  Geological  Survey,  No.  2  had  been  referred 
to  the  Pareora  series  (Miocene  ?),  No.  8  to  the  Upper  Eocene  series, 
and  Nos.  4  and  6  to  the  Cretaceo-Tertiary  series.  The  author,  who 
was  inclined  to  class  all  these  beds  in  a  single  series,  pointed  out 
that  the  only  difference  between  the  fossils  found  in  Nos.  3  and  4, 
the  most  important  fossiliferous  beds,  consisted  in  the  presence  of  a 
greater  number  of  forms  in  No,  3,  all  found  in  No.  4  being  identical 
with  those  in  the  overlying  bed.  He  then  gave  a  complete  list  of 
the  species  of  Vertebrata,  MoUusca,  Brachiopoda,  Ecbinodermata, 
Bryozoa  and  Coelenterata,  from  the  locality,  48  in  all,  and  compared 
them  with  those  from  the  Weka-pass  stone,  26  in  number,  and  the 
Ototara  fossils  from  Oamaru,  to  show  that  a  large  proportion  were 
identical.  He  gave  reasons  for  not  agreeing  with  the  views  of  Dr. 
Hector  and  Mr.  McKay,  who  held  that  unconformity  exists  between 
the  beds  referred  by  them  at  the  Curiosity  Shop,  in  the  Weka-pass 
district,  and  north  of  Otago,  to  the  Upper  Eocene  and  Cretaceo- 
Tertiary  series  respectively,  and  showed  both  from  palseontological 
and  stratigraphical  data  that  all  these  rooks  must  be  included  in  one 
system,  the  Oamaru  system  of  Dr.  von  Haast  and  himself. 

6.  "  On  the  Fossil  Flora  of  Sagor  in  Carniola."  By  Constantin 
Baron  von  Ettingshausen,  F.C.G.S. 

The  author  in  this  paper  gave  the  principal  results  of  his  examina- 
tion of  the  fossil  flora  of  Sagor,  consisting  of  170  genera  and  387 
species,  of  which  a  list  was  appended.  The  plants  were  obtained 
from  14  different  localities,  some  of  the  most  important  species  from 
each  of  which  were  mentioned ;  in  one  of  these  localities  the  flora 
underlying  the  brown  coal  of  the  district  belonged  to  the  uppermost 
Eocene,  whilst  the  remaining  stations  were  assigned  to  the  lowest 
stage  of  the  Miocene  system.  The  great  diversity  of  the  fossil 
plants  showed  that  the  Tertiary  flora  of  this  and  other  localities 
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must  be  considered  the  origin  of  all  the  living  floras  of  the  globe  ; 
for  in  the  fossil-flora  of  Sagor  are  found  plants  representative  of 
forms  now  found  in  Australia,  North  America  and  Mexico,  California, 
Chili,  India  and  the  East  Indian  islands,  Europe,  Africa,  Norfolk 
Island,  and  New  Zealand.     Examples  of  all  these  were  cited. 


A    GEOLOGICAL   MAP    OP   THE   WORLD. 

Sm, — The  want  of  a  tolerably  detailed  large-scale  map  of  the 
world,  coloured  geologically  for  students  and  geologists  generally, 
has  often  occurred  to  me,  and  I  venture  to  direct  attention  to  it  in 
your  columns.  In  the  present  imperfect  but  advancing  state  of  our 
knowledge  the  publication  of  such  a  map,  or  of  a  geological  atlas  of 
the  world,  would  be  worse  than  useless ;  but  surely  one  such  map 
might  well  be  displayed  in  the  galleries  of  the  Natural  History 
Museum,  or  in  some  other  similar  national  institution.  Tlie  Jermjn 
Street  collections  being  exclusively  British,  the  Natural  History 
Museum  would  seem  the  more  appropriate  place  for  it;  and,  as 
beautiful  special  diagrams  of  the  anatomy  of  animals  are  now  being 
prepared  there,  no  di£Sculty  should  arise  in  its  preparation.  If  made 
in  several  sheets  mounted  on  canvas,  these  might  be  separately  re- 
placed  by  better  ones  as  our  knowledge  increases ;  and  the  adoption 
of  the  system  of  colouring  agreed  upon  by  the  International  Con- 
gress would  serve  to  familiarize  us  in  England  with  that  code  of  the 
^ture.  We  might  well  have  far  more  detail  than  in  Ami  Bonn's 
map,  and,  in  fact,  I  see  no  reason  why,  where  our  knowledge  is  full, 
we  should  not  have  more  detail  than  in  other  less  known  parts  of  the 
map ;  but  orographical  matter  had,  perhaps,  better  be  sparingly  in- 
troduced. Such  a  map  is  exhibited  in  the  museum  at  Brussels,  and 
would,  I  should  think,  add  much  to  the  educational  interest  of  our 
national  collection  here.  G.  S.  Boulobb. 

18,  Ladbbokb  Gboyb,  w. 

FOSSIL  BIRDS. 

Sir, — My  friend  Dr.  Woodward  in  his  interesting  paper  on 
Wingless  Birds  in  the  Geological  Magazine,  Dec.  III.  VoL  II.  No  7,  p. 
808,  alludes  to  the  discorery  of  fossil  feathers  of  birds  in  some  places  abroad, 
both  in  Jurassio  and  Tertiary  strata,  but  he  does  not  mention  any  as  occurring 
in  England.  It  may  be  interesting  to  the  readers  of  the  Magazine  to  know 
that  a  small  feather  is  recorded  \j  Mr.  J.  S.  Gardner,  from  the  Tertiary 
Plant-beds  at  Bournemouth,  and  I  haTe  two  portions  of  feathers  from  the 
Eocene  Bembridge  Limestone  at  Gurnet  Bay,  near  Cowes,  Isle  of  Wight; 
which  has  yieldea  to  the  researches  of  Mr.  A' Court  Smith  so  many  remarkable 
Insect-remams,  Araohnicb,  Crustacea  and  Plants,  and  of  which  I  haTe  a  fine 
series.  Remains  of  Birds  are  almost  as  a  matter  of  course  unusually  rare  in  any 
fossiliferous  rocks,  and  generally  occur,  as  might  be  expected,  in  fiuviatile  or  lacustrine 
deposits,  and  feathers  seem  to  be  still  more  so.  Tnose  in  my  collection  are  only 
fnq^entary,  merely  the  upper  end  of  a  Tery  small  feather ;  but  perhaps  Mr.  Smith 
may  have  more  entire  examples,  though  I  am  not  aware  of  an?  others  having  been 
met  with  in  any  older  formations  in  this  country.  P.  i.  Brodis,  F.G.S. 

[To  the  foregoing  should  be  added  the  following  species : 
Felagornit  Barretti  (Seeley).    Ann.  Mag.  Nat  Hist.  Aug.  1866. 
EnaliomU  Barretti.     Seeley,  index  to  Fossil  Remains,  etc.,  1869,  Quart.  Joum. 
GeoL  See.  Not.  1876,  pL  xxTi-xxTii.  H.  W.] 
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I. — Notes  on  thk  Bbitish  Species  op  Ceratiocarjs, 

By  Prof.  T.  Rupert  Jones,  F.R.S.,  and  Hbnbt  "Woodwakd,  LL.D.,  F.R.S. 

(PLATE  X.) 

DK.  PACKARD'S  observations  on  the  structnre  of  the  Phyllo- 
poda,  and  his  coinparative  anatomical  studies  of  allied  living 
and  extinct  genera,  supply  the  palsdontologist  with  sound  reasoning 
for  referring  the  Phyllocarida  to  the  Nebaliad  type  as  a  centre  for 
a  great  group  of  obscure  fossil  forms,  and  as  a  starting-point  for 
the  Decapoda.^  His  views  have  been  referred  to  in  some  detail  in 
the  Geol.  Mag.  for  August  last,  pages  849-352. 

Order  Phyllooakida,  Packard  (1879). 

Genus  Cebatiocaris,  M*Coy  (1849). 

The  generic  characters  of  Ceratiocaris  have  been  described  by 
M*Coy,  Salter,  H.  Woodward,  and  Barrande  in  their  several  works 
and  memoirs  referred  to  in  the  sequel.  James  Hall,  R.  P.  Whitfield, 
A.  S.  Packard,  J.  M.  Clarke,  Fr.  Schmidt,  C.  E.  Beecher,  O.  Novak, 
and  others  have  added  much  information,  general  and  special,  on 
this  and  allied  genera.  The  appended  synonymy  of  the  genus 
supplies  full  references  to  published  notices  on  (kratiocaris  and 
some  of  its  kindred. 

We  offer  the  following  diagnosis  of  Ceratiocarts. 

Carapace  bivalved,  probably  with  membranous  attachment,  no 
distinct  hinge-joint  observable;  valves  subovate,  semiovate,  sub- 
quadrate,  or  trapezoidal ;  contracted  in  front  with  the  end  sharp  or 
rounded  above  the  median  line  of  the  valve ;  more  or  less  truncate 
behind.  Eostrum  elliptical  in  shape,  of  a  single,  lanceolate  piece, 
chevron-marked.  Antennaa  (?)  obscure.  Dentate  mandibles  often 
apparent.  Body  many-jointed,  with  fourteen  or  more  segments,  of 
which  4-7  extend  beyond  the  carapace ;  ornamented  with  delicate 
raised  lines.  Some  or  all  of  these  segments  bore  small,  lamelli- 
form,  branchial  appendages.'  Last  segment  longest,  supporting 
three  caudal  spines,  namely,  (1)  a  strong  tapering  telson  (style), 
thick  at  the  top  or  proximal  end,  with  its  trifid  articulating  surface 

1  See  '^Monograph  of  the  Pbyllopod  Crustacea  of  North  America,  with  remarks 
on  the  Order  Phyllocarida.  By  Lr.  A.  S.  Packard,  jun.  (Extracted  from  the 
Twelfth  Annual  Report  of  the  U.  S.  Geol.  and  Geograph.  Survey),  1883.** 

'  iSee  the  Sixth  Report  on  Fossil  Crustacea,  Brit.  Assoc.  Report  for  1872,  p.  323  ; 
and  Geol.  Mao.  Vol.  IX.  p.  564  ;  also  a  descriptive  note  by  Mr.  R.  Etheridge,  iun., 
in  the  Mem.  Geol.  Surv.  Scotl,  Explan.  Sheet  23,  1873,  p.  93,  and  Ann.  Mag. 
Nat.  Hist  ser.  4,  vol.  xiv.  1874,  p.  9. 
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386  Trof,  Rupert  Jones  and  Dr.  H.  Woodward — 

(resembliDg  that  id  the  telson  of  lAmulM)  pointed  at  the  distal 
extremity,  and  more  or  less  spinose,  as  shown  by  the  bases  of 
attachment  for  small  lateral  prickles,  and  (2)  two  shorter,  simpler, 
lateral  appendages  (stylets).  The  surface  of  the  valves  has  a  lineate 
ornament,  and  the  ventral  margin  has  a  thin  raised  rim. 

Cebatiooabis,  M*Coy,  1849. 

1839.  OnchuSf  Agassiz  (in  part).    In  Murchison*s  Silurian  System,  p.  607. 

1848.  OnchuSy  Phillips  (in  part).     Mem.  Geol.  Surv.  vol.  ii.  part  i,  p.  226. 

1849.  Pterygotusy  M*Coy.     Ann.  Mag.  N.  H.  scr.  2,  vol.  iv.  p.  394. 
1849.  Ceratiocarisy  M'Coy.     Ann.  Mag.  N.  H.  ser.  2,  vol.  iv.,  p.  412. 
1 85 1.  Pterygotusy  M*Coy.     Brit.  Palaeoz.  Fossils,  fasc  I,  p.  175. 

1 85 1.  Leptochelesy  M*Coy.     Brit.  Pal«oz.  Fossils,  fasc.  I,  p.  176. 
1 85 1.  CeraHoeariSy  M*Coy.     BriL  Palseoz.  Fossils,  fasc.  I,  p.  136. 

185 1.  Pterygotus  (Leptoch£les)y  Bronn.     Lethaea  Geognost.  vol.  i.  part  I,  p.  40. 

1852.  Onchusy  James   Hall.    Geol.  Surv.  New  York,  Palseontol.  vol.  ii.  p.  32a 

1852.  CeratiocariSy  Bronn.     Leth.  Geogn.  vol.  i.  part  2,  p.  539. 

1853.  Ditkyrocarisy  Geinitz.     Verst  Grauwack.  Sachsen,  Heft  2,  p.  23. 
1853.  LeptocheUsy  M'Coy.     Quart.  Joum.  Geol.  Soc.  vol.  ix.  p.  13. 

1853.  Ceratiocaris  {Leptocheles)y  Barrande.      Neues  Jabrb.  fur    Min.  etc.  1853, 
Heft  3,  p.  342. 

1853.  Ditkyrocarist  D.  Sharpe.     Quart.  Joum.  Geol.  Soc  vol.  ix.  p.  158. 

1854.  Ceratiocaris  et  Leptockelesy  Murchison.     Siluria,  isl  edit.  p.  236. 
1854.  CeratiocariSy  Morris.  Catal.  Brit.  Foss.  2nd  edit.  p.  102. 
1856.  CeratiocariSy  Salter.     Quart.  Joum.  Geol.  Soc.  vol.  xii.  i>.  33. 

1859.  CeratiocariSy  J.  Hall      Geol.  Surv.   New  York,  Palseontol.  vol.  iii.  p.  42a 

1859.  CeratiocariSy  Salter.       In   Murchison's    Siluria,   2nd  edit.    (3rd   including 

Sil.  Syst.),  pp.  262,  538. 

i860.  CeratiocariSy  Salter.     Ann.  Mag.  Nat.  Hist.  ser.  3,  vol.  v.  p.  158. 

1863.  CeratiocariSy  James  Hall.     Sixteenth  Ann.  Rep.  of  Regents,  p.  72,  pi.  i. 

1865.  CeratiocariSy  H.  Woodward  and  Salter.    Catal.  and  Chart.  Foss.  Cmstacea. 

1865.  CeratiocariSy  H.  Woodward.     Geol.  Mag.  Vol.  II.  p.. 401. 

1865.  CeratiocariSy  Huxley  and  Etheridge.     Catal.  Foss.  Mus."  Pract.  Geol.  p.  79. 

1866.  CeratiocariSy  H.  Woodward.    Geol.  Mag.  Vol.  III.  p.  203. 

1866.  CeratiocariSy  Salter.     Mem.  Geol.  Surv.  vol.  iii.  p.  294. 

1867.  CeratiocariSy  Salter.     In  Murchison's  Siluria,  3rd  edit.  (4th  Including  SiL 

Syst.)  pp.  236  and  516. 

1868.  CeratiocariSy  Bigsby.     Thesaur.  Silur.  p.  73. 

1871.  CeratiocariSy  H.  Woodward.      Geol.  Mag.  Vol.  VIII.  p.  104. 

1872.  CeratiocariSy  H.  Woodward.     Gkol.  Mag.  Vol.  IX.  p.  564  ;    and  Report 

Brit.  Assoc,  for  1872,  p.  323. 

1872.  CeratiocariSy  Barrande.     Syst.  Sil.  Boh^me,  vol.  i.  Suppl.  p.  437. 

1873.  CeratiocariSy  Salter.     Catal.  Cambr.  Sil.  Foss.  Woodw.  Mus.  p.  177. 
1873.  CeratiocariSy  R.  Etheridge,  jun.     Mem.  Geol.  Surv.  Scot.  Exp.  M.  23,  p.  93. 

1873.  CeratiocariSy  Marschall.    Nomenclator  Zoologicus,  p.  404. 

1874.  CeratiocariSy  R.  Etheridge,  jun.     Ann.  Mag.  N.  H.  ser.  4,  vol.  xiv.  p.  9. 

1876.  CeratiocariSy  F.  Roemer.      Leth.  Geogn.  Th.  i.  Leth.  palseoz.  Expl.  pi.  19. 

1877.  CeratiocariSy  H.  Woodward.     Catal.  Brit.  Foss.  Crast.  p.  70. 

1877.  CeratiocariSy  Miller.     Catal.  Palseoz.  Foss.  America,  p.  213. 

1878.  CeratiocariSy  Huxley  and  Etheridge.      Catal.  Foss.  Mus.  Pract.  Geol.  p.  84. 
1878.  CeratiocariSy  Bigsby.     Thes.  Devonico-Carbonif.  pp.  26,  246  and  247. 
1878.  CeratiocariSy  Young.     Proceed.  R.  Phys.  Soc.  Edinb.  vol.  iv.  p.  168. 
1880.  CeratiocariSy  Whitfield.     Amer.  Joum.  Sci.  ser.  3,  vol.  xix.  p.  35. 

1882.  CeratiocariSy  B.  N.  Peach.    Trans.  R.  Soc.  Edinb.  vol.  xxx.  part  I,  p.  73. 

1883.  CeratiocariSy  A.  S.  Packard,  jun.     Monogr.  North  Amer.  Phyllop.  Crust. ; 

Twelfth  Ann.  Rep.  U.  S.  Geol.  and  Geograph.  Survey,  p.  450. 

1884.  CeratiocariSy    C.    E.   Beecher.      Ceratiocaridae    Upper- Devon.   Measures; 

Second  Geol.  Serv.  Penns.  P.P.P.  p.  2. 

1885.  CeratiocariSy  O.  Novdk.     Sitzungsb.  k.  bohm.  Gesellsch.  Wissensch. 

1883.  CeratiocariSy  H.  W.  and  T.  R.  J.     Report  Brit.  Association  for  1883,  p.  217. 

1884.  Ceratiocaris,  T.  R.  J.  and  H.  W.    Geol.  Mag.  Dec.  III.  Vol.  I.  p.  396. 
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1.  CsBATiooABts    MuBOHisoNi    (Agassiz),   and  its    variety  lbpto- 
DAOTTLUS  (M*Coy). 

Some  imperfect  oaudal  appendages  or  spines  (telson  or  style, 
and  lateral  spines  or  stylets),  from  the  Uppermost  Ludlow  strata, 
near  Ludlow,  were  figured  in  Murcbison*s  Silurian  System,  in 
1839,  as  fish-defences.  These  were  recognized  by  Prof.  F.  M*Coy 
in  1853  as  being  very  similar  to  some  analogous  fossils,  referred  by 
bim  at  first  (in  1849)  to  a  slender-clawed  kind  of  Plerygotus  from 
the  Lower  Ludlow,  at  Leintwardine,  near  Ludlow,  which  he  separated 
from  that  genus  as  Leptocheles  leptodactylus.  M'Coy  suggested  that 
Murcbison's  fossil  should  be  known  as  L,  Murchisoni} 

In  each  case  we  have  only  oaudal  spines  to  deal  with  ;  but  M'Coy's 
specimens  (Brit.  Pal.  Foss.  pi.  1  E,  figs.  7,  7a,  Ih)  are  much 
more  slender  than  Murchison's  (Sil.  Syst.  pi.  4,  figs.  10  and  64, 
and  Siluria,  pi.  1  E,  figs.  1,  2),  and  less  strongly  ribbed;  and 
therein  they  seem  at  first  sight  to  have  specific  differences. 

Several  good  examples  of  more  or  less  perfect  sets  of  the  three 
caudal  spines  corresponding  in  size,  strength,  and  ribbing,  with 
Murchison's  fossils  have  been  met  with.  These  show  evidence  of 
lines  of  prickles  (by  the  presence  of  little  pits,  representing  their 
bases,  along  one  or  more  lines) ;  and  on  close  examination  the  en- 
gravings in  the  Sil.  Syst.  and  Siluria  (the  specimens  have 
been  lost)  show  some  slight  indications  of  this  spinose  ornament. 
This  is  not  visible,  however,  in  McCoy's  figures  or  specimens 
(Cambridge  Museum,  a/923,  a/924).  Of  these  latter,  more  delicate, 
caudal  appendages,  very  few  other  examples  occur. 

In  the  collocation  of  these  caudal  appendages  with  their  respective 
carapaces  we  have  some  doubt  and  difficulty. 

We  have  not  found  a  carapace  directly  associated  with  any  com- 
plete spines  of  either  the  Murchisoni  or  leptodactylus  type  except  in  the 
case  of  a  very  small  specimen  (M.  P.  G.  x  ^),  which  appears  to  have 
the  oaudal  appendages  of  C.  Murchisoni  and  the  carapace  of  Salter's 
•'  leptodactylus.'^  With  regard  to  both,  however,  the  late  Mr.  J.  W. 
Salter  satisfied  himself  that  he  knew  their  special  carapaces,  for  he 
described  them  at  p.  157  of  the  Ann.  Mag.  Nat  Hist,  for  March, 
1860 :  where  also  he  refers  both  species  to  the  Ceratiocaris  of  M*Coy. 
Judging  from  his  Latin  diagnoses,  he  allocates  to  the  former — **  a 
cephalothorax  (carapace)  two  inches  long,  oblong,  convex,  orna- 
mented with  interrupted,  nearly-straight,  wide-apart  lines.  The 
oaudal  appendages  long,  sub-cylindrical ;  the  centre  spine  (telson) 
strong,  bulbous  at  its  base,  and  with  a  strong  dorsal  rib ;  the  side 
spines  long.  All  ribbed.  The  whole  animal  medium-sized.  Speci- 
mens possessed  by  the  geologists  at  Ludlow  and  by  the  Museum  of 
Practical  Geology."    The  carapace  described  here  does  not  agree 

^  Prof.  M'Coy's  obserrations  are  as  follows :— *<  .  .  .  As  before  mentioned,  figs. 
9.  10,  and  11  [Sil.  Syst.  pi.  4;  omit  figs.  9  and  11],  representing  the  so-called 
Onchui  Murehisonij  Ag.,  are  almost  identical  in  form,  sue,  sculpturing,  and  all 
other  characters  (as  far  as  they  are  represented  in  these  drawings),  with  the  distinctly 
didactyle  pincers  which  I  have  figurea  (Brit.  Pal.  Foss.  pi  E,  fig.  7)  from  Leiutwar- 
dine,  under  the  name  Zept.  UptwUictylus,  ...  If  this  approximation  prove  correct, 
the  fossil  should  in  future  be  called  LeptoeheUs  Murchitoni  (Ag.  8p.)."~Q.  J.  G.  S. 
vol.  12.  1853,  p.  18. 
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with  any  that  we  can  associate  with  the  caudal  spines  intended. 
Nor  do  we  find  at  Ludlow  exactly  the  kind  of  carapace  required. 

To  C,  leptodactylw  Mr.  Salter  apportioned  ''  a  cephalothorax  long, 
triangular,  acute  in  front,  hroad  and  rounded  behind.  Free  abdominal 
segments  7-8  in  number,  subquadrate,  deeply  impressed  at  the  sides. 
Caudal  appendages  long,  striate ;  the  central  spine  (telson)  scarcely 
thicker  than  the  long  lateral  spines.  Surface  of  the  head  (carapace) 
smooth,  or  marked  with  only  very  short  sparse  lines.  Abdominal 
segments  strongly  striate.  The  whole  animal  elongate  and  more 
than  a  foot  long."  One  particular  specimen  in  the  Mus.  Pract  Oeol. 
is  referred  to  by  Mr.  Salter  at  p.  158.  We  are  at  a  loss  here  also  in 
fitting  the  indicated  {slender)  appendages  to  the  carapace  described. 
We  have  examined  this  and  other  good  specimens,  labelled  (7.  lepto- 
dactylus  by  Mr.  Salter  or  at  his  direction,  in  which  the  carapace 
agrees  with  his  description.  One  carapace  is  of  large  size,  nearly 
perfect,  about  125mm.  (5  inches)  long,  by  55  mm.  at  greatest  height, 
M.  P.  G.  X  i,  CataL  Cambr.  Sil.  Fobs.  1878,  p.  142.  A  specimen  nearly 
perfect,  M.  P.  G.  x  +  (Catal.  1878,  p.  142),  60  mm.  long  by  28  mm., 
gives  no  certain  indication  of  the  length  of  its  telson  and  its 
two  stylets,  for  they  are  crushed  off  short  The  abdomen  exposed 
is  about  50  mm.  long  In  specimen  D  of  the  Ludlow  Museum,  which 
has  the  proximal  portion  only  of  the  caudal  spines  preserved,  and  in 
specimen  B,  with  the  appendages  also  broken  off  short,  the  telson 
was  ribbed  and  pitted  (=  prickly),  thereby  differing  from  the  spines 
known  as  C.  leptodactylus  (M'Coy). 

There  is  also  a  well-preserved  small  specimen  (M.  P.  G.  x  i, 
Catal.  1878,  p.  142),  with  its  carapace  measuring  only  25  mm.  in 
length  and  11  mm.  in  height,  from  the  Lower  Ludlow  of  Bow 
Bridge,  Ludlow.  This  is  labelled  **  C.  leptodactylus,"  and  belongs  to 
the  same  species  as  the  foregoing.  Its  caudal  appendages  are  perfect, 
with  the  telson  (25  mm.)  about  one-third  of  the  length  of  the  whole 
animal ;  but  they  differ  from  McCoy's  C.  leptodactylus,  for  they  are 
not  only  ribbed  or  ridged,  but  the  telson  was  prickly ;  the  laterals 
were  probably  rather  more  than  half  its  length.  Specimen  M.  P.  G- 
D  f f ,  from  Dudley,  however,  is  a  thin  spiniform  fragment,  faintly 
striated  like  C.  leptodactylus. 

Altogether  the  telson  (style)  and  stylets  of  these  specimens  have 
a  very  close  resemblance  to  those  known  as  C.  Murchisoni  (see  above, 
p.  387).  One  example,  from  Dudley,  described  and  figured  as  such 
in  the  Gkol.  Mag.  Vol.  III.  p.  204,  PL  X.  Fig.  8  (stylets  and  the 
upper  moiety  of  the  style,  90  mm.,  even  more  than  5  inches  long 
when  perfect),  was  doubtlessly  proportionate  to  the  large  carapace, 
M.  P.  G.  X  i,  above  alluded  to,  as  belonging  to  an  animal  more  than 
12  inches  long ;  the  carapace,  exposed  segments,  and  the  telson  being 
each  a  third  of  the  whole  length. 

Other  good  specimens  of  these  caudal  appendages  are : — 

Ludlow  Museum,  C.  Lower  Ludlow;  Leintwardine.*  Lower 
portion  of  the  style  and  stylets,  130  mm.  (5i  inches). 

*  This  is  mounted  with  specimen  D  as  one  specimen ;  but  the  discrepancy  between 
the  two  parts  is  readily  seen.  It  is  referred  to  by  the  Rev.  J.  D.  La  Touche  in  his 
Geology  of  Shropshire,  1884,  p.  77. 
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Owens  College  Museum.  Prom  near  Ludlow.  Style  and  stylets, 
not  perfect,  105  mm. 

M.  P.  G.  ff,  Catal.  1878,  p.  118.  Leintwardine.  Style,  103  mm. 
This  and  a  piece  of  a  carapace  associated  are  labelled  "  C,  tyrannus, 
Salter." 

Mr.  Melon's  Collection :  Cwm-y-sul,  near  Welshpool  (Wenlock 
Shale).     Fragment  of  style,  with  stylets,  95  mm. 

Ludlow  Museum,  P.  Lower  Ludlow  ;  Trippleton,  near  Leint- 
wardine.    Lower  part  of  style  and  stylets,  80  mm. 

Specimens  B,  C,  D,  in  the  Oxford  Museum,  from  the  greenish-grey 
mudstone  near  Ludlow,  are  also  good  tail-pieces. 

Broken  pieces : — 

Murchison's  fig.  10,  pi.  4,  Sil.  Syst  (fig.  1,  pi.  19,  Siluria),  Upper 
Ludlow  beds.  One  piece  measures  92  mm.,  and  more,  if  the  piece 
lying  at  its  end  belonged  to  it. 

Fig.  9,  PL  X.  Gbol.  Mag.  Vol.  HL  (M.  P.  G.  «,  Catal.  p.  84), 
Casterton,  Low  Fell,  Kirkby-Lonsdale ;  Wenlock  Shale.  Frag- 
ments, 50  mm. 

Cambridge  Museum,  6/7.  Upper  Ludlow  beds;  Benson  Knot, 
Kendal.    IVagment,  43  mm. 

M.  P.  G.  X  tjV,  Catal.  p.  142.  Upper  Ludlow ;  Benson  Knot, 
Kendal.     Fragments,  40  mm. 

Cambridge  Museum  (Marr  Coll.).  Upper  Coldwell  beds=: Wen- 
lock ;  south  of  Coldwell  quarry,  Windermere.  Part  of  style  and 
ends  of  stylets,  40  mm. 

Small  fragments,  smooth  (?  Murchiaont) ;  straight  and  ribbed ; 
curved  and  ribbed  (?  Murchtsoni) ;  M.  P.  G.  x  -jV,  -sV*  Vr ;  from  the 
Downton  Sandstone ;  Kington,  Herefordshire. 

Strongly  ribbed  and  pitted  (=spinose),  British  Museum ;  Bury 
Ditch,  Salop ;  and  Oxford  Mus.  D,  Ludlow. 

Both  in  M 'Coy's  C.  leptodactylus  and  C,  MurcJnsoni  (the  latter 
r=Salter*s  C.  leptodactylus,  in  part,  and  his  MS.  C,  tyrannus  and  C. 
gigas)  the  last  abdominal  segment  is  striated  with  straight,  some- 
what inosculating,  raised  lines ;  and  other  segments,  where  preserved, 
are  similarly  marked.  A  somewhat  crushed  specimen  from  Dane- 
field,  Kington,  Herefordshire  (Lower  Ludlow),  M.  P.  G.  x  \y  Catal. 
p.  141,  showing  a  terminal  segment  with  similar  nearly  straight,  but 
wriggly,  inosculating,  thin  riblets,  and  ridged  and  fluted  caudal 
appendages,  as  far  as  preserved,  has  been  labelled  0.  gigas  by 
Salter ;  but  this  may  well  belong  to  the  series  here  placed  as  C. 
Murchisoni ;  C,  leptodactylus  being  restricted  to  McCoy's  specimens 
and  figs.  7,  7a,  7b,  and  a  few  other  slender  and  simply  striate  forms. 
The  carapace  belonging  to  these  is  not  yet  known.  It  is  quite 
possible  that  these  rare  and  thinner  styles  and  stylets  may  have 
belonged  to  some  variety  of  C,  Murchisoni.  In  this  C£ise  a  separate 
specific  name  is  not  required  for  them,  and  they  should  be  merged 
in  C.  Murchisoni,  aa  arranged  in  H.  Woodward's  Catal.  Brit.  Foss. 
Crust.  1877,  p.  71. 

There  is  little  or  no  doubt  that  the  figure  given  by  Mr.  Salter  in 
the  Catal.  Cambr.  Silur.  Fossils,  1873,  pp.  16,  164,  and  178,  as 


Digitized  by 


Google 


390        Prof.  T.  Rupert  Jones  and  Dr.  H.  Woodward— 

illustrative  of  the  genus,  is  C.  Murehiaoni  as  here  defined.  The 
eye-spoty  however,  and  the  hinge-joinU  are,  in  our  opinion,  super- 
fluous and  not  substantiated. 

The  synonyms  of  Osbatiogakis  Mubohisoni  (Agassiz),  1839 : — 

1839.  Onchus  MurchisonL,  Agassiz,  in  Silur.  Syst.  p.  607,  pL  4,  fig.  10  (not  figs. 

9  and  II) ;  and  OnckuSy  %%,  63?,  and  Ichthyodonuites,  fig.  64. 
1 85 1.  LeptocfuUs  {Murchisoni\  M'Coy.    Synops.  Brit.  Palseoz.  Foss.  fasc.  I,  p.  176. 

1853.  Leptockeles  MurcfUsoni  (Agass.),  M*Coy.     Quart.  Joum.  GeoL  Soc.  vol.  ix. 

p.  13  (omitting  allusion  to  figs.  9  and  il,  Sil.  Syit.). 

1854.  L^tocheles  Murckisoni  (M'Coy),  Murchison.     Siluria,  ist  ed.  p.  236,  pL  19, 

figs.  I,  2,  and  sp,  fi^.  3. 

1859.  Lefdocheles  Murchisont  (M'Coy),  Murchison.  Siluria,  2nd  ed.  (3rd  includ- 
ing Sil.  Syst.),  pp.  263,  538,  pi.  19,  fig.  I  (2  and  3?). 

i860.  Ceratiocaris  Murckisoni  (M*Coy),  Salter.  Ann.  Mag.  Nat.  Hist  set.  3, 
vol.  V.  p.  157. 

1866.  Ceratiocaris  Murckisoni,  H.  Woodward.     Geol.  Mag.  Vol.  III.  p.  205, 

PI.  IX.  Figs.  8  and  9. 

1867.  Lipiockeles  Afurckisoni{yi*Coy),    Salter,  in  Siluria,  3rd  ed.  (4th  including 

Sil.  Syst.),  p.  134,  pi.  19,  figs.  I  and  2. 
1867.  Leptockeles  {Ceratiocaris)  Murckisoni  (M*Coy).     Salter,  in  Siluria,  3rd  (4th) 

^'  ?•  237>  pl-  19.  figs-  I  (2,  y). 
1867.   Ceratiocaris  Murckisoni  (Agass.).    Salter,  in  Siluria,  3rd  (4th)  ed.  p.  $16, 

pi.  19,  figs.  I  and  2. 
1867.  Ceratiocaris  Murckisoni  (M*Coy),  H.  Woodw.  Cat  Brit.  Foss.  Crust  p.  71. 
1884.  Ceratiocaris  Pardoensis,  LaTouche.   Geol.  Shropshire,  p.  77,  pi.  17,  fig.  563. 
1884.  Ceratiocaris  leptodactylusy  La  Touche.    Geology  of  Shropshire,  p.  77,  pi.  17, 

fig-  566  (young  C.  Murckisoni). 

The  synonyms  of  Geratiogabis  leptodaottlus,  M'Coy,  founded 
on  certain  slender  tail-spines,  which  may  have  belonged  to  a  varietal 
form  of  C.  MurchtBont  (Agassiz) : — 

1849.  Pterygotus  leptodactylus^  M'Coy.      Ann.  Mag.  Nat.  Hist.  ser.  2,  vol.  iv. 

p.  394. 
185 1.  Pterygotus  leptodactylus^  M*Coy.    Svnops.  Brit  Paleeoz.  Foss.  fasc  i.  p. 

176,  pi.  I  E,  figs.  7,  7<i,  lb  (not  figs.  7^,  7<0. 
1853.  Leptockeles  lepiodactylus,  M*Coy.    Quart.  Joum.  Gecd.  Soc  vol.  ix.  p.  13. 
1859.  Leptockdes  l^todactylus  (M'Coy),  Murch.    Siluria,  2nd  (3rd)  ed.  pp.  263,  538. 
i860.  Ceratiocaris  leptodactylus  (M'Coy),  Salt    Ann.  Mag.  Nat   Hist.  ser.  3, 

vol.  V.  p.  157. 
1867.  Leptockeles  {Ceratiocaris)  leptodactylus  (M'Coy).     Salter,  in  Siluria,  4th  ed. 

(including  Sil.  Svst.),  p.  237. 
1867.     Ceratiocaris  leptodactylus  (M'Coy).    Salter,  in  Siluria,  4th  ed.  (including 

Sil.  Syst.),  p.  516. 
1873.  Ceratiocaris  leptodactylus,  Salter.    Catal.  Camb.  SQ.  Foss.  p.  164. 

Taking  M.  Salter's  description  of  the  oarapaoe  of  leptodactylus  and 
the  appendages  of  Murckisoni  as  really  both  belonging  to  the  latter, 
and  the  more  slender  caudal  spines  {leptodactylus  of  M'Coy)  as 
belonging  to  a  variety  of  the  latter,  we  have  looked  for  the  two- 
inch  oblong  carapace  which  Mr.  Salter  thought  he  had  found  for 
Murehiaoni  (Ann.  Mag.  Nat  Hist  Z.c),  but  we  have  not  met  with  it 
at  Ludlow,  as  led  to  expect  by  his  remarks ;  nor  is  it  in  the  Museum 
of  Practical  Geology,  to  which  also  he  refers  us.  Indeed,  we  cannot 
help  thinking  that  some  confusion  of  the  specimens  is  hereby 
indicated. 

The  carapace  of  C.  Murehiaoni  (as  defined  by  us)  is  pyriform,  or 
acutely  subovate,  deep  behind,  narrow  in  front ;  gently  convex  on 
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the  back ;  outlined  by  a  bold  elliptioal  curve  on  the  ventral  margin, 
which  rises  up  to  form  with  the  dorsal  edge  a  sharp  angle  in  front, 
above  the  median  line  of  the  valve ;  but  this  and  other  features 
were  varied  by  age  and  sex,  and  have  been  modified  by  pressure 
in  the  different  specimens.  The  antero-ventral  margin  is  sometimes 
indrawn,  making  the  point  in  front  more  acute.  The  hinder  margin 
is  truncate  with  an  elegant  ogee  curve,  full  below,  and  ending 
above  in  the  postero-dorsal  angle,  often  but  not  always  sharply 
defined.  In  some  cases  the  ventral  margin  is  much  deeper  than  in 
others.  Some  fragments  of  carapaces  from  Leintwardine  (Ludl. 
Mus.  0.,  and  M.  P.  O.  i})  are  ornamented  with  longitudinal  lines 
or  striae  of  varying  strength. 

Seven  abdominal  segments  are  usually  exposed. 

Qood  specimens  of  C,  Murehisoni  (Agass.)  : — 

M.  P.  G.  X  -J.— Carapace,  125  x  55  mm.,  with  acute  prow.    Smooth,  longitudinal 

linear  ornament.    Long  form  of  carapace.    Leintwardine. 
M.  P.  G.  X  |.— Carapace,  60  x  28  mm.    Smooth  and  glary. 

Seven  segments,  about  50  mm.  (the  last  one  about  20  mm.). 
Telson  crushed.     Long  form  of  carapace.     Leintwardine. 
Ludl.  Mus.  D.— Carapace,  50  x  30  mm.    Smooth. 

Seven  segments,  55  mm.   (the  last  one  20  mm.).    Some  with 

straight  strise. 
Telson  imperfect.    Short  form  of  carapace.    Leintwardine  ? 
LudL  Mus.  B. — Carapace,  about  50  x  30  mm.     Short  form  of  carapace. 

£xposed  segments  (crushed  up),  50  mm.     With  straight,  wriggly 

striae. 
Telson  broken.    Leintwardine. 
M.  P.  G.  X  i.  — Carapace,  40  x  20  mm.,  with  acute  prow.     Smooth  and  glazy  ; 
at  the  place  of  the  teeth. 
Five  ?  segments,  about  30  mm.    Long  form  of  carapace.    Leint- 
wardine. 
M.  P.  G.  X  ^  .—Carapace,  25  x  ii  mm.    Small,  smooth,  sharp  in  front,  marked 
by  teeth  inside. 
Seven  ?  segments,  28  mm.  (the  last  one  14  mm. ).  Linear  ornament. 
Telson,   25  mm.     Ridged  and  pitted  (spines).     (Stylets  about 
12  mm.   Ridded.)  Long  form  of  carapace.    The  whole  animal 
$i  inches  in  length.    Bow  Bridge,  near  Ludlow. 
Ludl.  Mus.  A.— Carapace,  24  x  13  mm.     Small,  smooth, subovate,  sharp  in  front. 
Seven  segments,  30  mm.  (the  last  one  12  mm.).     Longitudinally 

striate. 
Telson  imperfect  (12  muL  preserved).    Medium  form  of  carapace. 
Leintwardine  ? 
Oxford  Mus.  J,  K,  Q,  are  small  specimens  from  the  Lower  Ludlow,  with  features 
closely  resembling  those  of  C  Murehisoni* 

Addendum, 
1853.  Dithyrocaris  Murehisoni  (Agass.),  Geinitz.  Verstein.  Grauwackenformation 

in  Sachsen,  u.s.w.  Heft  2,  p.  24,  pi.  19,  fig.  13. 
1866.  Cercttiocaris  Murehisoni^  Jones.     Ann.  Mag.  N.  H.  ser.  3,  vol.  xviii.  p.  40. 

This  is  the  distal  end  of  tapering,  oostulate  telson  (or  stylet  ?),  and 
is  quite  comparable  with  C.  Murehisoni  (Agassiz),  as  indicated  by 
Dr.  H.  B.  Oeinitz.  It  was  obtained  from  the  Silurian  6rauwack6 
beds  of  the  Qunzenberg,  between  Moschwitz  and  Pohl,  near  Plauen, 
together  with  Graptolites,  Orthoceras,  and  rterinea* 
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2.  Gkrati^aris  ludbnsis,  n.  Woodward. 

1871.  Ceratiocaris  ludemis^  H.  Woodward.    Geol.  Mag.  Vol.  VIII.  p.  104,  PI. 

III.  Fig.  3. 
1884.  Ceratiocaris  ludensis,  Joqcs  and  Woodward.     Geol.  Mag.  Dec.  III.  VoL 

I.  p.  396. 

This  large  and  indeed  gigantic  Ceratiocaris  is  represented  by  seven 
abdominal  segments,  with  the  caudal  appendages  of  telson  and  two 
stylets,  in  the  Ludlow  Museum,  and  has  been  described  in  the  Gbol. 
Mao.  for  March,  1871,  and  illustrated  with  a  reduced  figure.  The 
carapace  is  there  estimated  as  having  probably  been  eight  inches  in 
length.  The  segments  giving  eight  inches,  and  the  telson  being 
about  nine  inches  in  length,  the  animal  would  be  more  than  two  feet 
in  total  length.  As  pointed  out  in  the  paper  referred  to,  the  telson 
is  certainly  the  longest  known.  Thus  we  find  the  relative  propor- 
tions to  be  for  C,  ludensis,  H.  W.,  144 ;  C,  Murehisoni  (Agass.), 
128  (as  defined  above);  C,  Deweti  (J.  Hall),  100;  C.  hohemica, 
Barr.  (Brit.  Mus.),  84 ;  C.  stygia,  Salter,  32 ;  C.  NmUingi,  F.  Schmidt, 
26  ;   a  papilio,  Salter,  16. 

The  segments  are  ornamented  along  the  back  with  imbricated  or 
lattice-like,  raised,  lines,  which  pass  downwards  on  the  sides  into 
oblique  and  then  curved  wrinkles,  and  sometimes  form  a  reticulation. 
The  ultimate  segment  is  striated  longitudinally  with  interrupted  and 
inosculating  lines.  The  spines  are  stout,  tapering  slowly,  slightly 
curved  inwards  (downwards),  delicately  ribbed,  and  bear  close-set 
marks  of  the  bases  of  small  spines  between  or  on  some  of  the  ridges. 

This  fine  specimen  is  imbedded  in  the  greenish-grey,  sandy,  lami- 
nated mudstone  of  the  Lower  Ludlow  series,  at  Church  Hill,  Leint- 
wardine,  near  Ludlow,  with  Graptolites.  It  was  found  by  the  late 
Mr.  H.  Pardee,  and  is  preserved  in  the  Ludlow  Museum. 

3.  Oebatiooabis  papilio,  Salter.     (PL  X.  Fig.  1.) 

1859.  Ceratiocaris,  Salter.  In  Murchison's  Siloria,  2nd  (3rd)  edit.  p.  262,  wood- 
cut fig.  I,  p.  538. 

i860.  Ceratiocaris  paptlio,  Salter.  Ann.  Mag.  Nat.  ser.  3,  vol.  v.  p.  154,  wood- 
cut fig.  I,  and  p.  155. 

1865.  Ceratiocaris  papilio,  Salter  and  H.  Woodward.  Catal.  and  Chart  Foss. 
Crust,  p.  17  (not  fig.  5). 

1865.  Ceratiocaris  papilio^  H.  Woodward.  Geol.  Mag.  Vol.  II.  p.  403,  PI.  11, 
Figs.  I  and  2. 

1867.  Ceratiocaris  papilio,  Salter.  In  Siluria,  3rd  (4th)  edit  p.  236,  woodcut 
fig.  I  (not  fig.  2),  and  p.  516. 

1873.     Ceratiocaris  papilio,  Salter.    Catal.  Camb.  Sil.  Foss.  p.  178. 

1873.  »>  tt        R«  Etheridge,  jun.     Mem.  Geol.  Surv.  ScotL  Expl. 

Map  23,  pp.  55,  56. 

1876.  CercUiocar is  papilio,  Armstrong  and  others.     Catal.  W.-Scot.  Fossils,  p.  24. 

1877.  „  „        H.  Woodward.     Catal.  Brit.  Foss.  Crust  p.  71. 

1878.  „  ,,        Huxley  (^d  Etheridge.    Catal.  Camb.  Sil.  Foss.  p.  142. 

Of  the  two  species,  so  abundant  in  the  Upper-Ludlow  Shales  of 
the  Logan  Water,  near  Lesmahago,  in  Lanarkshire,  and  described 
(unfortunately  without  good  figures)  by  J.  W.  Salter  in  the  Ann. 
and  Mag.  Nat.  Hist  for  March,  1860,  we  have  examined  many  good 
specimens.  As  mentioned  by  Salter,  one  ( C,  papilio)  has  the  cara* 
pace  more  oblong  than  the  other  ((7.  stygia),  which  is  deepened  by 
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a  greater  or  less  angularity  on  its  ventral 

diagrams  at  p.  164  of  his  memoir,  fig.  1  is  i 

2  and  3  have  the  deep  ventral  angle  ( C.  siygia), 

there  termed  C.  papilio,  evidently  from  oversight.     In  the  Lesma- 

hago  district  multitudes  oF  the   two   speoies  seem  to  have  been 

imbedded  in  the  black  mud  (now  shales) ;  and  frequent  references 

to  these  interesting  deposits  are  made  in  Siluria,  Memoirs  of  the 

Geological'  Survey  of  Scotland  (especially  Explanation  of  Map  23, 

p.  49,  etc.),  in  other  works  on  Scottish  Geology,  in   geological 

manuals,  etc.,  and  in  Dr.  J.  S.  Hunter's  papers  in  the  Trans.  Geol. 

Soc.  Glasgow,  vol.  vii.  pp.  5Q,  272,  etc. 

Carapace  sub-oblong ;  straight  on  the  back,  gently  curved  below  ; 
like  the  prow  of  a  boat  in  front,  and  truncate  with  an  ogee  curve 
behind.  The  anterior  extremity  is  rather  sharp  and  is  rarely  pre- 
served; it  slopes  with  a  gentle  curve  downwards  and  backwards 
from  the  antero-dorsal  angle  to  the  ventral  margin.  The  latter  is 
somewhat  convex  in  outline,  with  its  greatest  fullness  near  the 
middle  and  rather  forward,  but  varying  with  every  specimen,  all 
being  more  or  less  squeezed  out  of  their  true  shape.  The  front 
moiety  usually  keeps  its  shape  more  truly  than  the  posterior  region, 
of  which  sometimes  the  dorsal  angle  (as  in  Brit  Mus.  41896,  41897), 
and  sometimes  the  boldly-curved  ventral  portion  (as  in  Brit.  Mus. 
41894,  58669;  Cambridge  Mus.  6/136 ;  and  M.  P.  G.  x  iV)  becomes 
the  more  prominent.  The  surface  of  the  valves  is  delicately  striate, 
with  longitudinal  lines,  curving  parallel  with  the  ventral  margin, 
and  coarser  on  the  ventral  than  on  the  dorsal  region.  In  some 
specimens  the  lines  are  seen  to  converge  at,  or  rather,  as  it  were,  to 
start  from,  the  postero-dorsal  angles.  The  telson  (style),  relatively 
stout,  and  very  little  longer  than  the  laterals  or  stylets,  was  faintly 
ridged,  and  perhaps  prickly  or  spinose.  The  whole  adult  animal 
was  probably  from  four  to  six  inches  long. 

Having  seen  but  few  specimens  in  which  the  caudal  appendages 
are  well  preserved  in  their  place  (as  in  Brit  Mus.  41894),  we  get 
only  few  good  measurements. 

Mr.  Salter  says  that  only  three  or  four  of  the  abdominal  segments 
were  free  (external  to  the  carapace),  but  probably  there  were  even 
five ;  for  in  one  specimen  (Brit.  Mus.  68669)  five  segments  of  large 
size,  now  loose  and  reversed,  were  probably  exposed  beyond  the 
carapace ;  and  in  another  (Brit  Mus.  41896)  four,  with  an  imperfect 
fifth,  have  been  shifted  out  The  segments,  excepting  the  last  one, 
appear  in  their  squeezed  condition  to  be  half  as  long  as  high,  and  the 
last  one  as  long  as  three  of  the  others. 

In  Brit  Mus.  41894,  the  carapace  is  60  mm.  long  by  30  mm. 
deep  (or  high),  and  probably  once  rather  deeper,  having  suffered 
from  pressure.  The  penultimate  segment  is  10  mm.  long,  and  if 
there  were  four  of  that  length  (40  mm.),  with  the  ultimate  segment, 
the  body-rings  would  be  nearly  80  mm.  The  telson  was  26  mm. 
(stylets  18  mm.).  Thus,  altogether,  the  animal  was  about  162  mm., 
or  6  inches,  in  length. 

Brit  Mus.  68669  has  a  longer  (narrowed)  carapace,  five  body- 
rings,  and  a  broken  telson ;  altogether,  6^  inches  long. 
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In  anotber,  but  smaller,  individaal  (Brit.  Mus.  41895)  the  cara- 
pace, 40  X  20?  mm. ;  segments,  40  mm.,  but  shortened ;  and  style, 
about  20  mm.  (stylets,  15  mm.  ecu)h),  make  about  100  mm.,  or  four 
inches,  of  total  length. 

In  ten  good  specimens  from  Lesmahago  we  have  seen  two  of  cara- 
pace only ;  and  in  all  the  others  the  body-portion  is  shifted,  and  in 
six  of  them  it  is  quite  reversed — that  is,  lying  at  the  anterior  instead 
of  the  posterior  end,  as  described  by  Mr.  Salter  (Siluria,  1867,  p. 
236,  etc.). 

The  specimen  Cambridge  Mus.  5/185  has  the  rostrum  lying  at  an 
angle  across  the  anterior  extremity. 

Of  C,  papilio,  good  specimens  from  Lesmahago : — 

Cambridge  Mus.,  6/135.     M.  P.  G.  x  iV,  x  uV- 

Brit.  Mus.  41894,  41895,  41896,  41897,  45161,  47989,  58669. 

We  have  seen  also  some  fossil  carapaces  from  Benson  Knot,  Ken- 
dal (Upper  Ludlow),  which  agree  perfectly  in  form  and  proportions 
with  C,  papilio  from  Lesmahago,  also  in  ornament,  except  that  the 
postero-dorsal  convergence  of  the  strisB  is  not  present.  These  are 
Brit  Mus.  some  of  those  marked  44342  ;  M.  P.  G.  x  }  (CataL  1878, 
p.  141) ;  and  Cambridge  Mus.  6/85.  They  range  from  65  mm.  long 
and  32  mm.  high  to  75  x  40  mm.  Also  a  large  imperfect  specimen 
and  some  fragments  in  brown  shale  from  Linbum  near  Muirkirk 
(Brit  Mus.,  all  marked  58878.)  The  specimen  5/35  is  included  in 
a  inomata,  M'Coy,  by  Mr.  Salter,  Catal.  C.  S.  Foss.  1873,  p.  177. 

Moreover,  the  specimen  N  in  the  Ludlow  Museum  has  the  pro- 
portions and  appearance  of  C  papilio,  as  far  as  it  is  preserved 
(wanting  the  antero-dorsal  angle),  from  Church  Hill,  Leintwardine.^ 

4.  Ckbatiooaris  sttgia,  Salter.     (PL  2L  Fig.  2.) 

1859.  CeraHocaris,  Salter.    In  Murchison's  Siluria,  and  (3rd)  ed.  p.  262,  wood* 

cut  fig.  2. 
i860.  CercUiocaris  stygius,  Salter.    Ann.  Mag.  Nat   Hist.  ser.  3,  voL  v.  p.  154, 

woodcut  figs.  2,  3  (fig.  I  is  C  papilio). 
1865.  Ceratiocaris  papiliOf  Salter  and  Woodward.     Cat.  and  Chart  Foss.  Crust,  p. 

17,  fig.  5. 
1867.  Ceratiocaris  siygius,  Salter.  In  Siluria,  3rd  (4th)  ed.  p.  236,  woodcut  6g.  2, 

and  p.  517. 
1873.  Ceratiocaris  stygius^  Salter.    Cat.  Camb.  Sil.  Foss.  p.  178. 
1873.  ,,  „        R.  Etheridge,  jun.     Mem.  Geol.  Sunr.  Scotl.  Expl. 

Map  23,  pp.  55,  56. 
1876.  Ceratiocaris paptlio,    Roem.  Leth.  geogn.  T*h.  i.  Leth. palseoz.  pi.  19,  fig.  4. 

1876.  Ceratiocaris  stygius^  Armstrong  and  others.    Cat.  W.  Scot  Fossils,  p.  24. 

1877.  „  „      H.  Woodward.     Catal.  Brit.  Foss.  Crust  p.  73. 

1878.  „  ,,      Huxley  and  Ftheridge.  Cat.  Camb.  Sil.  Fossils,  p.  142. 

Carapace- valves  trapezoidal ;  back  straight,  but  curving  down  for 
a  short  distance  to  the  raucronate  dorsal  angle  of  the  anterior  edge, 
which  then  slopes  with  a  slight  convexity  at  a  sharp  angle,  down- 

'  The  Teiy  rich  localities  for  these  Silurian  Phyllopods  in  the  neighhouihood  of 
Ludlow  are  enumerated  and  described  in  the  Eev.  J.  i).  La  Touche's  Handbook  of 
the  Geology  of  ^Shropshire,  1884,  pp.  26,  27,  especially  Ludford  Lane,  Bow  Bridge, 


Leintwardine,  Church  Hfll,  and  Trippleton  Farm.  See  also  the  Rev.  W.  8. 
Symonds'  Record  of  the  Rocks,  1872,  p.  194,  etc.,  for  notices  of  Ludlow  and  its 
enTirons  from  a  geologist's  point  of  Tiew. 
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wards  and  backwards,  to  about  the  middle  of  the  ventral  margin, 
where  the  valve  is  deepest  (highest) ;  and  the  other  half  of  the 
ventral  edge  rises  slowly  with  a  straight  or  nearly  straight  oblique 
edge  to  the  blunt  postero-ventral  oomer,  whenoe  the  truncate  hind 
mai^n  rises,  with  a  gentle  oonoave  curve,  to  the  sharp  postero-dorsal 
angle.  When  the  valves  are  spread  open,  a  triangular  space  is  left 
between  the  antero-dorsal  angles.  This  condition  and  the  shape  are 
well  shown  in  the  specimen  M.  P.  G.  x  tV-  The  outline  is  often 
modified  by  pressure  in  other  positions ;  but  not  to  quite  so  great  an 
extent,  as  the  shape  of  C.  papilio  is  altered  by  squeeze  in  some 
instances.  The  valves  are  delicately  striate,  with  longitudinal  lines 
curving  paraUel  with  the  ventral  edge,  and  crowded  at  the  postero* 
dorsal  angles.  The  body-segments,  of  which  probably  five  were 
outside  the  carapace  (though  often  the  segments  seem  to  have  been 
pushed  back  within  the  carapace  after  death),  are  marked  with 
delicate,  raised,  oblique,  wrinkly  lines  on  the  sides,  coming  from 
angular  imbricated  lines  on  the  back  (as  in  C.  Scharyi,  Barrande, 
and  C.  Deteeii,  Hall).  The  joints  are  sometimes  more  than  twice  as 
high  as  long.  The  last  one  is  as  long  as  three  of  the  others.  The 
telson  is  short,  and  is  apparently  in  some  cases  about  half  as  long 
again  as  the  stylets  (as  50  is  to  30) ;  and  some  specimens  show 
traces  of  thin  oostulsB,  and  perhaps  of  prickles.  The  whole  adult 
animals  were  from  4  to  8  inches  long. 

Specimen  M.  P.  G.  x  -gV  has  the  rostrum  and  teeth  squeezed  out 
loose  near  the  front  end.  A  large  individual,  Cambridge  Mus. 
h/SB,  measures — 

Carapace        .  .        •    S3  x  55  mm. 

Four  segments  .  40 )  ^^  ^^ 

Last^ent.  .  25 1^5  mm. 

Telson  .        .  .        •    50   „ 

198  mm.  or  nearly  8  inches. 
A  small  specimen,  M.  P.  G.  x  iV>  measures— 
Carapace        .        .        .    40  x  26  mm. 

Fours^ments         .     20  \^ , 

Last^ent.        .?iol3»™°'-^ 
Telson   •        .        •        •    30  „ 

About  100  mm.  or  nearly  4  inches. 

C  stygia  was  rather  larger  than  C.  papiUo ;  its  telson  was  larger ; 
the  carapace  was  markedly  distinct  by  its  trapezoidal  outline,  deep 
ventral  region,  and  mucronate  antero-dorsal  angle,  which  was  not 
nearly  so  often  lost  in  fossilization  as  the  front  angle  of  C.  papiUo, 
In  its  rostrum,  teeth,  superficial  ornament  of  carapace  and  of  body- 
rings,  it  seems  to  have  closely  resembled  C.  papiUo.  In  ten  good 
specimens  from  Lesmahago,  two  are  simple  carapaces ;  three  have 
body-segments  in  places,  and  five  have  them  shifted  or  reversed.  In 
this  respect  C.  stygia  seems  to  have  been  rather  less  liable  to  the 
dissolution  of  the  membranous  attachments  of  the  body  than  its 
associate  C.  papiUo. 

A  postero-dorsal  fragment  in  Cambridge  Museum  (Marr  GolL), 
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from  the  Denbighshire  series  (Wenlock),  at  Dinasbran,  Llangollen, 
showing  fine  striss  above,  and  coarse  strise  below,  and  the  usual  con- 
vergence of  striaa,  belongs  probably  to  C.  stygia. 

Good  specimens  of  C.  stygia  from  Lesmahago  are  Cambridge  Mas. 
6/136,  6/65  (the  last  is  referred  to  as  C.  poptZio,  evidently  by  mistake, 
in  Cat  C.  Sil.  Foss.  p.  178) ;  M.  P.  G.  x  tV  and  i^,  x  W,  x  tV,  x  A, 
X  ,V;  and  B.  M.  41898.  45154,  45155,  45156. 

In  the  Mem.  Geol.  Scotl.  Expl.  Map  23,  1873.  at  p.  49,  Mr.  R. 
Etheridge,  jun.,  enumerates  the  places  near  Lesmahago  and  Muirkirk, 
in  Lanarkshire,  where  Ceratiocaridea  have  been  found  by  the  Sur- 
veyors, namely — 

CeroHocaris  papilio,  Salter,  at  Dunside  (Lo^n  Water),  EagUnside  Burn,  Logan 

Water  (2  m.  S.  of  Lesmahago),  and  Linbum. 
Ceratwcaris  stygia,  Salter,   at  Kip  Bum  (Logan  Water),  EagUnside  Bum,  and 

Linbum. 
Ceratiocaris^  caudal  appendages,  at  Long  Bum  (Logan  Water),  Dunside  (Logan 

Water),  Logan  Water  (6  m.  S.W.  of  Lesmahago),   Lann  Bum,  and 

Douglas  Water. 

Abdominal  segments  and  appendages  probably  belonging  to  C 
ilygia  are : — 

B.  M.  58878,  Linbum,  Muirkirk.  A  telson,  not  quite  perfect  at 
base,  35  mm.  long,  associated  with  some  obliquely-striate  segments. 

B.  M.  41899,  Lesmahago.  Four  segments,  27  mm.,  and  M.  P.  G. 
X  ^^,  four  segments,  30  mm.,  and  in  each  case  two  short  ensiform 
stylets  attached  (style  wanting). 

B.  M.  41900  and  41901,  Lesmahago.  Three  abdominal  seg- 
ments, obliquely  striate,  and  an  ultimate  segment  with  both  oblique 
and  straight  striae,  probably  due  to  two  layers  of  the  test.  Telson, 
30  mm.  long ;  and  two  ensiform  stylets,  each  about  13  mm.  long. 

M.  P.  G.  X  tV,  -ha,  iV6»  iW,  Logan  Water,  Lesmahago.  Seg- 
ments with  oblique  striss  (one  ultimate  segment  has  straight  strias), 
not  well  preserved. 

Oxford  Mus.  E.  Seyen  segments  and  two  spines,  imperfect 
Leintwardine. 

One  of  the  specimens  in  the  Brit.  Mus.  marked  59648,  from  Les- 
mahago, is  a  small  acute-ovate  carapace  (25x15  mm.),  to  which 
is  attached  a  complete,  but  somewhate  crushed  body  of  13-14  seg- 
ments, 6-7  (15  mm.)  of  which  are  external,  and  have  appended  two 
caudal  spines,  of  which  the  longest  may  be  the  telson  (12  mm.  long), 
and  the  other,  nearly  as  long,  one  of  the  stylets. 

At  first  sight  this  looks  like  the  small  (7.  Murehisoni,  LudL  Mus. 
A.,  but  it  differs  considerably  in  details.  If  it  be  not  a  distinct 
species,  it  may  be  the  young  of  C,  stygia. 

On  another  of  the  specimens,  B.M.  59648,  from  Lesmahago,  are 
three  loose  small  bodies,  without  carapaces.  The  largest  has  13  or 
14  segments,  45  mm.,  some  of  which  are  obliquely  striate.  The 
last  five  measure  25  mm.,  and  the  last  one  10  mm.,  equal  to  three  of 
the  others.  The  telson  is  20  mm.  long.  Another  such  specimen, 
smaller  and  narrower,  35  mm.  long,  has  14  (?)  segments ;  the  last 
one  7  mm.  long ;  appendages  imperfect 
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These  may  be  the  loosened  and  shifted  abdomens  of  young  in- 
dividuals of  C.  Btygia  or  C.  papilioy  both  common  at  Lesmabago. 
They  cannot  be  mistaken  for  the  Carboniferous  Acanthoearis,  Peach, 
or  the  Devonian  Campeearis^  Page. 

EXPLANATION  OP  PLATE  X. 
Fio.  1 .    CeratiaearU papilioy  Salter.    Entire  specimen  from  the  Upper  Ludlow  Shales, 
Logan  Water,   Lesmahafo,  Lanarkshire.    The   ahdominal  seements  are 
displaced  and  reyersed  ^  is  yesj  frequently  the  case  in  specimens  from 
Logan  Water)  and  protrude  from  the  rostral  end  of  the  carapace.    Part  of 
the  carapace  of  another  specimen  is  seen  near  the  posterior  border. 
,,   241.     Ceraiiocaris  itygia^  Salter,  from  the  same  locality  and  formation. 
„   *lb.    Portion  of  the  carapace,  near  the  postero-dorsal  line,  showing  the  delicate 
raised  wavy  lines  with  which^the  entire  surface  is  coTered  (enlarged  three 
times). 
„    2e,     The  rostrum  of  same  enlarged  four  times,  to'  show  the  concentric  stri® 
covering  the  surface. 
Figs.  I  and  2a  drawn  of  the  natural  size  from  specimens  in  the  British  Museum, 
(Natural  History). 

{To  he  continued,) 

n. — Can  Undbboround  Heat  bb  Utilized? 
By  J.  Starkib  Gabdneb,  F.G.S. 

GEOLOGY  has  long  been  the  handmaid  of  Engineering.  Instanoes 
are  numerous  in  which  the  practical  bearing  of  facts  discovered 
by  the  devotee  of  the  one  have  been  recognized  and  utilized  by  the 
other.  On  the  other  hand,  engineering  enterprise  has  often  put 
geologists  in  possession  of  facts  of  the  greatest  value  as  bases  for 
fresh  inductions.  The  subject  now  brought  forward  may  perhaps 
sooner,  or  in  a  remote  future,  furnish  another  instance  in  which 
knowledge  gained  by  the  geologist  may  become  available  for  a 
great  economic  purpose. 

The  subject  of  "  Underground  Heat "  is  one  about  which  very  little 
is  known  even  by  the  specialist.  There  is  much  divergence  of 
opinion  as  to  the  form  and  conditions  under  which  this  heat  exists, 
and  still  more  as  to  the  depth  at  which  it  occurs.  Whether  the 
interior  of  the  earth  is  solid  or  fluid,  hot  or  cold,  is  still  a  debated 
subject ;  though  all  leading  geologists  are  at  all  events  agreed  that 
it  is  hot,  and  many  believe  that  it  is  partially  fluid,  the  fluid  being 
situated  beneath  the  solid  crust,  and  resting  upon  a  solid  interior. 
The  question  we  have  to  consider  is  whether  zones  of  considerable 
heat  are  likely  to  be  within  a  depth  at  which  it  might  be  practicable 
to  reach  them. 

The  paramount  importance  of  the  subject,  and  its  pressing  nature, 
will  come  to  be  recognized  when  the  scarcity  of  coal  in  this  country 
shall  render  it  impossible  for  us  to  pay  for  the  vast  supplies  of  food 
we  are  compelled  to  import  from  abroad  either  by  it  or  by  articles 
produced  by  its  aid.  Our  statesmen  and  others  whom  it  may  concern 
will  then  perhaps  awake  to  the  necessity  of  promoting  experimental 
research,  and  of  obtaining  new  scientific  knowledge;  but  let  us  hope 
not  too  late  to  arrest  a  serious  diminution  of  our  national  wealth. 

Coal  began  to  be  used  as  fuel  in  some  localities  about  the  13th 
century  ;  but  until  the  beginning  of  the  17th,  prejudice  and  other 
causes  prevented  its  coming  into  anything  like  general  use.    We  may 
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form  an  idea  of  the  oonsamption  from  the  fact  that  in  1615  the 
number  of  vessels  employed  in  the  ooal  trade  consisted  of  only  400 
sail.  Twenty-five  years  later  between  600  and  700  were  employed. 
The  inroads  on  the  stock  of  ooal  could  not  be  serious  until  deep 
mining  began,  and  it  is  apparent  that  little  more  than  two  centuries 
have  brought  us  within  a  measurable  distance  of  its  exhaustion. 
The  bases  upon  which  the  Boyal  Commission  of  1871  reported  the 
probability  that  the  supply  would  not  last  more  than  106  years  are 
but  too  well  known.  Our  working  coal-fields  contained  but 
90,207,000,000  tons  available,  and  it  was  estimated  that  unworked 
fields  might  contain  56,273,000,000  more.  Nothing  has  since  come 
to  light  affording  any  ground  to  hope  that  these  totals  have  been 
under-estimated ;  but>  on  the  contrary,  subsequent  research  has 
rendered  it  probable  that  they  are  too  high.  A  century  seems  a 
long  time,  but  it  might  actually  be  almost  spanned  in  a  single  life, 
and  certainly  within  the  lives  of  the  offspring  of  already  wedded 
couples.  The  time  might  be  prolonged  by  checking  the  unremunera- 
tive  and  increasing  export,  but  any  measures  that  could  be  taken 
would  necessarily  prove  futile  in  the  long  run.  We  need  not  do  with- 
out coal  for  a  long  time  to  come  after  our  own  stock  is  exhausted,  if 
we  have  money  to  purchase ;  for  we  possess  in  Australia  coal-fields 
400,000  miles  in  extent,  and  in  India  30,000,  while  China  is  as  rich 
as  Australia,  and  the  United  States  exceed  all  other  countries  with  the 
immense  area  of  500,000  miles  of  coal-field.  The  consequences  of 
having  to  import  our  coal  are  however  no  pleasant  subjects  for  con- 
templation to  an  Englishman. 

But  even  the  coal  areas  of  the  whole  earth  will  be  found  to  be 
finite  quantities.  Should  the  human  race  continue  to  multiply  at  its 
present  rate,  their  exhaustion  is  a  matter  of  time,  and  sooner  or  later 
the  question  that  has  become  momentous  to  us  will  in  turn  become 
no  less  so  to  other  nations.  Artificial  light  and  heat  have  become  so 
essential  to  us,  that  the  continued  progress  of  humanity,  if  not  its 
existence,  is  dependent  on  their  supply.  We  need  not  stop  to  con- 
sider now  the  probable  future  of  the  electric  light,  for  the  question 
of  heat  would  remain,  and  we  know  of  no  fuel  at  present,  regularly 
replenished  by  nature,  except  wood  and  turf.  By  husbanding  these, 
a  residuum  of  civilized  humanity  could  exist  in  temperate  regions, 
but  any  one  who  has  realized  how  marvellously  the  wants  of  the 
humblest  creatures  are  provided  for  will  be  slow  to  believe  it  to  be 
within  the  scope  of  a  scheme  which  appears  so  transcenden tally  per- 
fect, that  the  supply  of  one  of  the  most  vital  necessaries  should  fail 
us.  Coal  is  the  limited  accumulation  of  vegetable  matter  of  almost 
a  single  geological  epoch,  a  transitory  store  to  be  used  we  may  hope 
during  a  transitory  condition  of  things.  There  is  no  ground  to  sup- 
pose that  the  end  of  our  planet  is  near,  nor  the  cessation  of  life  upon 
it  within  a  measurable  distance ;  and  if  humanity  has  any  destiny,  we 
must  have  faith  that  some  means  of  satisfying  its  needs  will  be  pro- 
vided. We  have  the  sun's  heat  above,  unequally  distributed  and 
intermittent ;  can  we  ever  hope  with  the  Laputans  to  "  bottle  sun- 
beams "  ?    We  have  the  central  heat  beneath  us  ever  present ;  can 
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we  get  aocess  to  it,  and  will  it  prove  more  tractable?   These  will 
develope  into  the  burning  questions  of  the  future. 

We  are  aware  of  the  presence  of  this  central  heat  in  various  ways, 
the  most  direct  of  which  is  the  observed  increase  in  the  temperature 
when  the  crust  is  bored  into.  A  great  deal  of  evidence  upon  this 
has  been  collected  by  the  committee  appointed  by  the  British  Asso- 
ciation to  investigate  underground  temperatures,  and  the  result  of 
their  work  was  to  ascertain  that  the  increase  varies  from  1°  F.  for 
from  every  130  to  every  34  feet.  Several  still  newer  observations 
give  a  result  near  the  latter  figure.  The  mean  is  about  V  in 
64  feet,  the  rate  greatly  depending  on  the  conductivity  of  the 
matrix  bored.  It  would  perhaps  be  safer  to  take  a  rather  higher 
average,  as  it  seems  likely  that  borings,  whether  filled  with  air  or 
water,  must  as  a  general  rule  give  a  rather  lower  temperature  than 
the  rock  itself.  It  also  seems  probable  that  the  rate  may  increase  . 
in  a  compound  ratio  at  depths  beyond  those  hitherto  reached,  since  \  ^ 
radiation  would  be  less.  The  observed  increase  would  give  us  boil- 
ing water  at  10,000  feet,  and  molten  rock  of  the  temperature  of  lava  i 
as  it  issues  from  Vesuvius,  2000°  F.,  at  a  depth  of  20  miles.  This  I  ^ 
is  only  calculated,  however,  from  what  we  know  to  take  place  within 
the  first  three-quarters  of  a  mile  from  the  surface,  the  greatest 
depth  yet  tested,  and  we  shall  see  in  the  sequel  that  there  are  other 
reasons  for  anticipating  that  these  temperatures  will  be  met  with 
nearer  the  surface. 

There  are,  as  is  well  known,  whole  classes  of  rocks  called  meta- 
morphic,  that  is  to  say,  rocks  originally  sedimentary,  which  have 
become  crystalline  through  heat  They  comprehend  the  gneisses, 
schists,  slates,  and  nearly  all  crystalline  rocks  indeed  which  are  not 
igneous  or  intrusive.  There  is  even  reason  to  suppose  that  granite 
itself  is  a  clastic  rook  which  has  been  fused  at  a  great  depth  from  * 
the  surface.  They  have  been  proved  to  be  merely  sedimentary  rocks,  \ 
originally  formed  as  ordinary  sea  or  other  mud,  by  tracing  the  same  ;  *^ 
strata  from  their  crystalline  to  their  normal  and  often  fossiliferous 
condition.  In  the  latter  case  we  can  be  quite  sure  of  their  age,  and 
are  able  to  estimate  the  greatest  possible  depth  at  which  they  are 
ever  likely  to  have  been  buried,  by  the  simple  process  of  adding 
together  the  maxima  of  thickness  of  all  the  more  recent  known 
sedimentary  strata.  Some  have  been  metamorphosed  by  direct  con- 
tact with  igneous  rocks,  but  the  greatest  work  has  been  effected  | 
through  heat  generated  by  squeezing  and  pressure  during  the 
elevation  of  mountain  chains.  These  are  plicated  rocks,  but  all 
metamorphic  rocks  are  not  plicated,  and  since  the  microscopic  in- 
vestigations to  which  they  have  been  subjected  leave  no  doubt  as 
to  heat  having  caused  the  alteration,  we  may  suppose  in  such  cases 
that  at  the  depth  under  whi<^  they  were  buried  the  temperature 
must  have  been  sufficient  to  cause  metamorphosis.  In  basing  any 
theory  upon  them,  however,  we  must  proceed  with  extreme  caution , 
for  we  must  first  be  quite  sure  that  the  heat  was  not  the  result  of 
squeezing  and  movement ;  and,  secondly,  we  cannot  be  sure  of  the 
depth  of  sediment  which  existed  above  them,  though  we  have  fair 
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grounds  for  believing  that  even  the  Silurian  system  has  not  been 
buried  under  more  than  25,000  feet  of  newer  strata. 

A  more  striking  manifestation  of  the  existence  of  heat  beneath  us 
is  seen  in  volcanic  eruptions.  We  learn  by  them  that  rocks  are  not 
only  incandescent,  but  rendered  molten  and  fluid  by  the  intensity  of 
the  heat  It  is  now  recognized  that  the  explosions,  showers  of  stones 
and  ash,  and  escape  of  volumes  of  steam,  which  accompany  eruptions 
and  render  them  so  terrible,  are  caused  by  the  sudden  conversion  of 
underground  waters  in  more  or  less  superficial  strata  into  steam. 
The  great  absorption  of  water  that  takes  place  in  volcanic  regions 
has  often  been  remarked,  and  so  soon  as  the  heated  lava  is  set  in 
motion  and  commences  to  rise,  it  is  certain  that  it  must  come  into 
contact  vrith  saturated  strata  and  underground  waters,  with  the 
inevitable  result  that  most  violent  explosions  must  occur.  The 
longer  the  interval  between  two  eruptions,  the  more  deeply  and 
completely  the  rocks  to  be  rent  will  be  saturated,  and  the  more 
energetic  the  explosion ;  and  eruptions  are  accordingly  observed  to 
be  violent  in  proportion  to  the  period  of  quiescence  which  preceded 
them.  The  explosions  and  steam  are  the  mere  accidental  accom- 
paniments of  an  eruption,  which  is  fundamentally  the  squeezing  out 
or  escape  through  a  vent  or  crack  of  some  of  the  molten  interior, 
owing  presumably  to  an  increase  of  pressure  elsewhere.  After  the 
paroxysmal  stage,  that  is,  when  the  water  in  contact  has  all  been 
blown  into  steam,  the  lava  flows  tranquilly  enough,  and  may  con- 
tinue to  well  out  for  very  long  periods.  It  seems  probable  that 
eruptions  through  craters  are  very  minor  matters,  and  that  the  grand 
eruptions  are  through  fissures  which  may  extend  for  hundreds  or 
even  thousands  of  miles  in  almost  parallel  lines.  The  Eocene 
/  basalts  of  Ireland  and  Scotland  are  generally  agreed  by  geologists  to 
have  formed  part  of  an  extensive  tract  that  once  stretched  uninter- 
ruptedly through  the  Faroes  to  Iceland  and  Greenland.  These  lavas 
are  in  horizontal  sheets,  and  there  is  no  trace  of  any  craters  through 
which  they  could  have  welled,  but  the  fissures  are  plain  and  marked 
by  large  dykes.  Their  outpouring  seems  to  have  been  unaccom- 
panied by  explosions,  for  nowhere  have  I  discovered  any  great 
deposits  of  scoriaB  or  lapilli  interstratified  with  them,  and  contem- 
porary deposits  that  have  formed  in  their  vicinity  show  no  layers  of 
ash.  The  Chalk  also  is  quite  or  almost  free  from  volcanic  dust, 
while  the  corresponding  ocean  ooze  of  the  present  day  invariably 
contains  a  large  percentage  of  such  extraneous  matters.  The  results 
of  other  large  and  equally  tranquil  eruptions  are  to  be  seen  in  the 
Deccan,  where  there  is  an  area  under  lava  200,000  square  miles  in 
extent  and  6000  feet  in  thickness,  and  in  Oregon  an  undulating 
plain  of  basalt  equalling  the  combined  areas  of  France  and  England. 
These  facts  are  merely  mentioned  to  show  that  volcanic  eruptions 
are  not  merely  local  phenomena,  caused  by  lateral  thrusts  or  pressure, 
but  are  vents  through  which  the  heated  and  molten  rocks  of  the 
interior  overflow  the  surface.  When  we  see  rocks  rise  and  burst 
through  the  crust  in  every  part  of  the  earth  at  temperatuiysfof 
2000^  F.,  we  can  hardly  refuse  to  believe  in  underground  heat 
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What  direotly  oonoems  our  present  inqnity,  bowB^m^Jybstber 
this  heat  is  at  a  depth  whioh  would  make  it  impossim^^^vitb  oar 
present  appliances  to  reach  it,  or  whether  there  is  ground^  hope 
that  it  may  some  day  be  reached,  Earthquakes  are  perhaps  more 
likely  to  yield  information  on  this  point,  and  as  they  can  only,  for  I  ^ 

the  most  part,  be  the  incompleted  efforts  of  the  molten  matter  to  I  ?  ^ 
force  its  way  to  the  surface  and  find  a  vent,  the  two  subjects  may  '  '  *  ♦ 
be  treated  as  one.  Their  direct  connexion  with  eruptions  is  more- 
over sometimes  apparent,  though  not  always,  nor  even  very  frequently, 
for  earthquakes  are  felt  where  there  are  no  signs  of  any  volcanic 
activity  having  been  manifested  in  recent  times.  In  Japan,  where 
they  have  been  particularly  studied,  no  connexion  can  be  traced,  but 
in  Italy,  on  the  contrary,  the  connexion  is  apparent  Earthquakes 
are  certainly  due  to  movements  of  the  earth's  crust,  and  as  these 
are  primarily  of  two  kinds,  either  of  elevation  or  subsidence,  the 
resultants  are  very  different  in  kind  and  degree.  Those  due  to  sub- 
sidence would  probably  be  the  more  local,  while  those  due  to  efforts 
of  the  molten  interior  to  break  through  would  be  propagated  to  great 
distances.  It  would  be  impossible  to  attempt  to  enter  into  the 
physios  of  earthquakes ;  but  I  would  merely  say  that  the  phenomena 
of  some  are  so  wide-spread,  and  so  independent  of  changes  in  the 
nature  of  the  superficial  crust,  that  they  appear  as  if  they  could  only 
have  been  propagated  through  the  fluid  or  viscous  substratum.  The  / 
smallest  depth  at  which  I  have  seen  the  focus  of  an  earthquake  I 
calculated  is  four  miles ;  this  was  in  the  vicinity  of  a  volcanic  region, 
Vesuvius.     Others  have  been  determined  at  seven  and  ten  miles. 

A  peculiarity  observed  about  earthquakes  is  that  they  are  far 
more  prevalent  in  winter  than  in  summer,  and  that  they  take  place 
more  frequently  when  the  barometer  is  low.^  This  effect  must  have  a 
cause,  and  the  only  one  apparent  is  that  the  diminished  pressure  of  the 
atmosphere  admits  of  a  corresponding  expansion  of  the  fluid  interior. 
The  tension  must  obviously  have  been  already  extreme,  for  so  small 
a  reduction  of  the  pressure  to  produce  disturbances  at  a  depth  within 
the  earth's  crust  that  may  be  sensibly  felt  at  the  surface.  But  what 
an  idea  this  gives  of  the  flexibility  of  the  crust,  and  how  thin  it  must  be 
to  be  acted  on  by  so  slight  a  cause !  Besides  their  connexion  with 
volcanoes,  the  direct  connexion  of  earthquakes  with  underground  heat 
is  apparent  in  many  ways.  One  of  the  most  curious  examples  of  this 
was  the  sudden  and  permanent  increase  in  temperature  of  the  waters 
of  the  Bagn^res  de  Luohon  from  46°  to  122°  F.,  following  the  great 
earthquake  of  Lisbon.  Another  proof  that  some  classes  at  least  of  earth-  Z I 
quakes  are  propagated  through  the  fluid  substratum  lies  in  the  fact  * ' 
that  mountain  chains  often,  as  in  Japan,  prove  a  complete  barrier  to 
their  progress,  for  the  Rev.  Osmond  Fisher  has  shown,  in  his  admir- 
able work  on  the  Physics  of  the  Earth's  Crust,  the  high  probability 
that  mountain  chains  interrupt  to  a  certain  degree  the  continuity  of 
the  fluid  layer.  Other  instances  of  the  influence  of  earthquakes  on 
thermal  springs  must  no  doubt  have  been  observed,  but  I  have  not 

»  See  J.  Rofe,  C.E.,  F.G.S.,  *«  On  Colliery  Exploaiona,"  etc.,  Obol.  Mao.  1867. 
Vol.  IV.  p.  106. 
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oome  across  them.  Yery  valuable  information  as  to  the  depths  at 
which  high  temperatures  are  seated  oould  be  gathered  in  non- volcanic 
regions  where  there  are  hot  springs  by  observing  the  outcrop  of  the 
underlying  impervious  stratum  and  estimating  the  depth  at  which  it 
would  be  situated  where  the  springs  issue  forth.  Thus  the  rainfall  on 
the  Mendips  may  probably  feed  the  thermal  springs  at  120°  F.  at 
Bath,  and  the  depth  from  which  the  water  rises  would  not  be  more 
than  the  thickness  of  the  strata  forming  the  basin — about  4200  feet 
Again,  the  fact  that  springs  of  scalding  water  are  met  with  in  some 
mines  of  2000  feet  in  depth,  as  at  Redruth  and  the  Comstock,  makes 
it  unlikely  that  the  horizon  of  boiling  water  is  anything  like  so  low 
as  the  10,000  feet  estimated  from  the  observed  increment  in  artesian 
wells.  We  can  hardly  in  fact  conceive  that  the  hot  springs  so  pre- 
valent in  (Germany  and  other  parts  of  Europe,  away  from  both 
volcanic  districts  and  earthquake  zones,  ris^  from  such  prodigious 
depths ;  though  they  may  of  course  do  so.  In  volcanic  districts  at 
least,  there  can  however  be  no  question  as  to  the  proximity  of  under- 
ground heat  to  the  surface,  for  its  presence  is  apparent  in  fumaroles, 
geysers,  mud  caldrons,  etc.,  not  always  close  to  vents,  but  often  in 
plains  at  some  little  distance. 

But  the  great  proof  of  the  thinness  of  the  earth's  crust  is  to  be  sought 
in  the  movements  which  are  constantly  taking  place  at  its  surface. 
Its  extreme  sensitiveness  has  only  become  apparent  since  the  micro- 
phone has  enabled  earth-tremors  to  be  appreciated,  and  we  now  know 
that  the  solid  ground  is  sensitive  to  a  footstep  and  vibrates  under  a 
hail-stone.  The  sea  is  the  fixed,  and  terra  firma  the  unstable  element 
Every  accumulation  of  weight  brought  from  elsewhere  by  any  trans- 
porting agency  causes  the  land  to  sink  in  a  corresponding  degree. 
The  whole  story  of  the  sedimentary  rocks  is  one  continued  record  of 
subsidence  keeping  pace  with  sedimentation.  Every  layer  of  the 
Coal-measures  was  formed  at  or  very  near  the  sea-level,  while  the 
crust  was  giving  way  inch  by  inch  under  the  continued  additions  of 
weight,  until  in  South  Wales  it  finally  sagged  no  less  than  10,000 
feet  The  entire  Cambrian  series  appears  to  have  been  formed  in 
uniformly  shallow  water,  and  yet  in  our  area  it  forms  a  mass  esti- 
mated at  23,000  feet  in  vertical  thickness,  or  sufiScient  to  have  filled 
in  solid  the  abyssal  depths  of  the  Atlantic.  Every  river  delta  that 
has  been  pierced  shows  an  endless  succession  of  estuarine  beds,  often 
hundreds  of  feet  in  thickness,  but  each  of  which  is  recognized  by  its 
contonte  to  have  been  formed  at  the  water's  leveL  No  sea-coast-line 
is  at  rest.  Where  clififs  are  being  eroded  and  carried  away  by  tlie 
waves,  there  is  upheaval;  for  it  will  be  noticed  that,  irrespective 
of  the  general  strike  inland,  the  strata  of  which  they  are  com- 
posed almost  invariably  dip  away  from  the  sea  on  the  shore-line. 
This  general  dip  can  be  traced  all  round  even  deep  and  land-locked 
bays,  and  is  explicable  on  no  other  hypothesis.  Where  sediment  is 
accumulating  out  at  sea,  great  subsidence  must  take  place ;  for  were 
it  otherwise,  coasts  would  be  surrounded  with  vast  shoals  but  a  few 
feet  below  the  influence  of  the  surf,  and  extending  as  far  as  ever  the 
land  had  stretohed  before  the  sea  began  to  act  upon  it  Islands 
separated  ofif  by  sea-action  generally  exhibit  a  strike  for  the  strata 
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composing  their  cliffs,  corresponding  to  that  of  the  main-land  from 
which  they  have  been  severed,  but  at  a  much  lower  level,  a  result 
that  could  only  be  brought  about  through  subsidence  or  elevation. 
To  bring  forward  the  overwhelming  proofs  of  this  double  movement 
on  coast-lines  would  carry  us  beyond  the  limits  of  this  article. 
During  the  Glacial  period  the  land  was  everywhere  depressed  by 
the  weight  of  ice,  to  the  extent  of  1350  feet  in  Wales ;  and  everywhere  \ 
rose  when  the  weight  was  removed  by  the  ice  melting  off  again.  In 
like  manner  I  have  twice  observed  in  Iceland  that  lava  debouching 
on  to  plains  has  caused  them  to  sink  bodily.  Darwin's  well-known 
explanation  of  the  formation  of  coral  reefs  and  atolls  requires  that 
subsidence  should  keep  pace  exactly  with  the  added  weight,  by  the 
depression  of  the  rocks  or  banks  on  which  they  are  forming. 

It  would  be  physically  impossible  for  such  movements  to  take 
place  if  the  earth  were  solid  throughout.  The  fluid  or  viscous  layer 
which  is  near  to  the  surface  in  volcanic  regions  must  extend  under- 
neath  all  areas  where  movements  of  upheaval  or  subsidence  have 
been  observed,  and  since  movements  to  a  greater  or  less  extent  seem 
universal,  the  only  inference  is  that  the  crust  rests  everywhere  upon 
a  viscous  substratum.  Yet  we  know  that  the  earth  as  a  whole  is  a 
rigid  body,  of  the  rigidity  of  steel  or  glass,  and  it  is  believed  that  its 
principal  mass  is  kept  solid  at  a  temperature  beyond  the  fusing  point 
of  rock  through  the  pressure  of  the  external  envelope.  But  if  this 
is  80,  the  pressure  must  become  relaxed  as  the  surface  is  neared,  and 
at  a  certain  point  the  rock  must  obey  its  impulse  and  melt,  and  we 
must  thus  find  at  some  depth  or  other  beneath  the  crust,  rendered 
solid  by  loss  of  heat,  a  layer  in  a  state  of  fusion.  The  Rev.  Osmond 
Fisher  has  shown  the  high  probability  that  this  state  of  things  does 
actually  exist,  and  many  geologists  are  now  embracing  the  same 
views.  At  the  same  time  the  plications  the  crust  has  undergone  in 
many  places,  as  at  Bergen,  demonstrate  that  it  is  far  more  flexible 
than  had  been  supposed.  The  ceaseless  removal  of  material,  by  dis- 
integration and  abrasion,  from  one  area  of  a  flexible  crust,  and  its 
redeposition  by  various  transporting  agencies,  on  another,  would  be 
likely  to  destroy  the  equilibrium  of  the  liquid  layer  beneath,  and  to 
cause  those  changes  from  sea  to  land  revealed  in  stratified  rocks,  as 
well  as  the  slow  movements  which  are  even  now  discernible  on  every 
coast.  Subsidence  under  newly  transported  weight  must  lead  to  a 
compensating  elevation  elsewhere,  and  thus,  as  old  lands  sink,  new 
ones  rise  to  take  their  place.  This  appears  a  reasonable  explanation  of 
the  movements  that  have  taken  place  throughout  geologiod  time,  and 
I  know  of  no  other  that  can  compete  with  it.  Pushed  to  its  extreme 
we  should  find  that  all  oceans  are  areas  of  sedimentation,  and  there- 
fore of  depression,  while  high  lands  would  be  areas  of  denudation, 
and  therefore  of  elevation.  Further  we  should  expect  to  find  that 
the  viscous  layer  would  seek  relief  at  the  nearest  point  free  from 
sedimentation,  and  we  should  thus  find  our  mountain  chains  running 
parallel  with  ancient  or  modern  coast-lines.  At  first  sight  this 
would  favour  the  theory  of  the  permanence  of  ocean-basins  and  of 
continents  ;  but  the  sea-bottom  is  itself  traversed  by  currents  which 


Digitized  by 


Google 


404  J.  Sfarkie  Oardner —  Underground  Meat. 

denude  its  sarface,  and  lead  to  the  formation  of  submarine  areas  of 
elevation  which  assume  the  form  of  ridges  and  banks  and  finally  dry 
land.  The  movements  must  be  infinitely  complicated,  but  the  greatest 
depths  or  hollows  of  the  ocean  would  be  the  least  likely  to  oome 
under  the  influence  of  denudation,  and  would  thus  probably  prove 
permanent.  As  the  great  ocean  currents  are  caused  by  the  difference 
in  specific  gravity  of  the  tropical  and  polar  waters,  they  must  flow 
north  and  south,  and  areas  relatively  free  from  sediment  would  lie  in 
the  same  directions,  as  we  in  fact  know  that  the  chief  land  surfaces 
do.  This  theory  agrees  with  most  known  physical  facts,  and  it 
would  be  interesting  to  trace  it  further  did  space  permit 

It  has  been  objected  that  a  solid  crust  could  not  be  supported  on  a 
liquid,  but  would  break  up  and  sink  through.  Lava,  however,  in 
cooling,  forms  a  crust,  which  is  supported  on  the  still  molten  mass, 
and  the  crust  of  the  earth  must  be,  as  a  whole,  of  lighter  specific 
gravity  than  the  fluid  it  rests  on. 

Tlie  movements  of  the  earth's  crust  are,  on  the  whole,  more  com* 
patible  with  a  crust  of  10  miles  in  thickness,  the  minimum  assigned 
to  it  by  physicists,  than  with  the  maximum  estimate  of  50  miles. 

Modem  engineering  would  not,  perhaps,  consider  the  task  of 
piercing  even  such  a  depth  as  10,000  feet,  at  which  depth  boiling 
water  must  be  reached,  an  altogether  hopeless  one,  were  the  stake 
sufficiently  great ;  for  mere  artesian  wells  have  been  bored  to  the 
depth  of  nearly  a  mile.  London  would  perhaps  be  a  very  unfavour- 
able area  in  which  to  experiment,  as  the  upper  water-bearing  strata 
are  of  great  thickness,  and  have  outcrops  in  adjacent  counties. 
Were  there  any  water-bearing  strata  however  among  the  deep-seated 
Palasozoio  rocks,  supplies  of  boiling  water  might  be  confidently 
reckoned  upon.  The  west  of  England  would  be  a  much  more 
favourable  field,  but  the  chances  are  that  the  neighbourhood  of 
London  would  be  preferred,  as  there  is  still  the  strongest  probability 
that  coal  may  yet  be  pierced  at  a  workable  depth,  and  the  enonnons 
sum  of  £5,000,000  per  annum  paid  by  Londoners  for  its  carriage 
be  thereby  saved. 

It  is  hardly  probable  that  danger  would  ensue  from  sinking  a 
shaft  even  into  molten  lava,  were  it  possible  to  do  so,  and  I  should 
not  apprehend  that  any  uncontrollable  eruptions  would  ensue.  Molten 
lava  habitually  fills  some  craters  for  long  periods  at  a  time,  and 
remains  in  a  constant  state  of  ebullition.  There  is  no  need,  however, 
to  essay  so  gigantic  an  enterprise  just  yet,  as  a  supply  of  more 
moderate;  heat  would  go  far  to  check  the  rapid  consumption  of  fuel. 
As  illustrating  the  possibility  of  obtaining  such,  the  following 
extracts  ^  are  of  interest : 

**  Near  St  Etienne  (France)  a  new  geyser  has  been  discovered. 
At  a  depth  of  1600  metres  a  vein  of  hot  water  was  tapped,  and  the 
result  is  an  intermittent  fountain  which  sends  its  water  to  a  height 
of  26  metres.     The  geyser  ejects  carbonic  acid  as  well  as  hot  water." 

"  The  deepest  artesian  well  in  the  world  is  being  bored  at  Pesth, 
and  has  reached  already  a  depth  of  951  metres.*'  The  well  at  Paris, 
which  measures  547  metres,  has  hitherto  been  the  first  The  work 
1  From  *'  Nature  "  of  yariouB  dates. 
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is  undertaken  by  the  brothers  Zsigmondj,  partially  at  the  expense 
of  the  oity,  which  has  granted  £40,000  for^he  purpose,  with  the  in- 
tention of  obtaining  an  unlimited  supply  of  warm  water  for  the 
munioipal  establishments  and  public  baths.  A  temperature  of  161^ 
F.  is  shown  by  the  water  at  present  issuing  from  the  well,  and  the 
work  will  be  prosecuted  until  water  of  178°  is  obtained.  About 
175,000  gallons  of  warm  water  stream  out  daily,  rising  to  a  height 
of  35  feet  This  amount  will  not  only  supply  all  the  wants  of  the 
city,  but  convert  the  surrounding  region  into  a  tropical  garden. 
Since  last  June  the  boring  has  penetrated  through  200  feet  of  dolo- 
mite. The  preceding  strata  have  supplied  a  number  of  interesting 
facts  to  the  geologist,  which  have  been  recorded  from  time  to  time 
in  the  Hungarian  Academy  of  Sciences.  Among  some  of  the  in- 
genious engineering  devices  invented  during  the  course  of  the  boring 
are  especially  noteworthy  the  arrangements  for  driving  in  nails  at 
the  enormous  depth  mentioned  above,  for  pulling  them  out  (with 
magnets),  for  cutting  off  and  pulling  up  broken  tubes,  and,  above  all, 
a  valuable  mechanic^  apparatus  by  means  of  which  the  water  rising 
from  the  well  is  used  as  a  motive  power,  driving  the  drills  at  a  rate 
of  speed  double  that  previously  imparted  from  the  mouth  of  the 

Whether,  having  obtained  a  supply  of  heat,  it  would  be  practicable 
to  lay  it  on  to  our  houses,  is  a  question  apart,  but  one  which  seems 
to  have  been  solved  in  America. 

**  A  very  successful  experiment  has  been  made  at  Lockport,  New 
York  State,  in  supplying  heat  to  houses  by  steam  supplied  from  a 
central  station,  in  much  the  same  way  as  gas  is  supplied.  The  ex- 
perimental works  in  Lockport  were  commenced  last  year,  and  during 
the  late  winter  about  200  houses  in  the  city  were  heated  from  the 
central  supply,  through  about  three  miles  of  piping,  radiating  from 
the  boiler-house,  containing  two  boilers  16  feet  by  5  feet,  and  one 
boiler  8  feet  by  8  feet  These  boilers  were,  during  the  winter,  fired 
to  a  pressure  of  85  lb.  to  the  inch,  with  a  consumption  of  4  tons  of 
anthracite,  costing  4^  dols.  a  ton ;  during  the  summer  but  one  boiler 
is  fired,  consuming  a  ton  and  a  half  of  anthracite  in  twenty-four  hours, 
and  a  pressure  of  25  lb.  per  inch  maintained.  The  boiler  pressure 
of  35  lb.  in  winter,  and  25  lb.  in  summer,  is  maintained  through  the 
entire  length  of  the  three  miles  of  piping  up  to  the  points  of  con- 
sumption, where  there  is  a  cut-ofi'  under  the  control  of  the  consumers. 
The  distribution  of  heat  in  the  apartments  is  by  means  of  radiators, 
consisting  of  1  inch  pipes  30  inches  long,  placed  vertically  either  in 
a  circle  or  as  a  double  row,  and  connected  together,  top  and  bottom, 
vfith  an  outlet  pipe  for  the  condensed  water,  which  escapes  at  a  tem- 
perature a  little  below  boiling,  and  is  sufficient  for  all  the  domestic 
purposes  of  the  house,  or  is  used  as  accessory  heating  power  for 
horticultural  and  other  purposes.  The  steam  has  also  been  applied 
at  a  distance  of  over  half  a  mile  from  the  boilers  for  motive  power, 
and  two  steam-engines  of  ten  and  fourteen  horse-power  are  worked 
from  the  boilers  at  a  distance  of  half  a  mile,  with  but  a  slightly 
increased  consumption  of  fueL    The  laid  on  steam  is  being  also  used 
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for  oooking  parposes,  for  boiling,  and  even  baking,  and  Mr.  G. 
Maw,  F.G.S.,  who  describes  the  system,  witnessed  in  a  house  three- 
quarters  of  a  mile  from  the  boilers,  a  bucket  of  cold  water  raised  to 
boiling  heat  in  three  minutes  by  the  passage  of  the  steam  through  a 
perforated  nozzle  plunged  in  the  bucket  The  operations  of  the 
Heating  Company  have  been  up  to  the  present  time  of  an  experi- 
mental character,  and  from  the  200  houses  already  supplied  with  the 
heating  connexion,  the  actual  cost  of  the  coal  that  would  have  been 
used  for  heating  has  been  provisionally  received  in  payment,  and  the 
amount  has  left  a  wide  margin  over  the  working  expenses,  though 
the  company's  operations  at  present  cover  but  a  small  portion  of  the 
area  for  which  they  have  provided  plant" 

In  conclusion,  the  man  of  science  will  no  more  doubt  that  supplies 
of  heat  would  be  forthcoming  from  depths  of  7000  or  8000  feet  than 
that  water  will  be  found  in  Chalk,  or  coal  in  the  Coal-measures. 
Whether  London  will  ever  be  supplied  with  heat  from  this  source  is 
a  question  apart ;  but  it  needs  no  seer  to  pierce  the  not-distant  future 
when  we  shall  be  driven  to  every  expedient  to  discover  modes  of 
obtaining  heat  without  the  combustion  of  fuel,  and  the  perhaps 
far  more  remote  future  when  we  shall  bore  shafts  down  to  the  liquid 
layer  and  conduct  our  smelting  operations  at  the  pit's  mouth. 

III.— On  thb  Distribution  of  thb  Gbaptolithida  in  Timb  and 

Spaob. 
Bj  Dr.  Otto  Hbbbmann.^ 

IT  was  indicated  even  by  Murchison  that  the  Graptolites  constitute 
admirable  characteristic  fossils  of  the  Silurian  formation.  Sub- 
sequent investigation  has  established  that  the  group  GraptolithidsB  is 
essentially  confined  to  the  oldest  fossiliferons  formation.  A  single 
genus,  the  genus  Dictyograptus,  Hopk.  {Dictyonema,  Hall),  occupies 
a  remarkably  exceptional  position  as  regards  its  distribution  in  time. 
Formerly,  indeed,  this  genus  was  separated  from  the  proper  or  true 
Graptolites  (Rhahdophora,  Allman),  and  referred  with  some  other 
genera  {DendrograptuSf  Hall,  PtihgraptM,  Hopk.,  Callograptva,  Hall) 
to  the  CampanularidsB ;  but  recently  W.  C.  Brdgger '  has  very  clearly 
shown  that  the  genus  in  question  differs  very  little  from  the  true 
Graptolites,  inasmuch  as  the  most  important  parts  of  the  latter,  such 
as  the  sicula,  and  the  hydrothecsa,  have  been  detected  in  it.  By  this 
the  Graptolithic  nature  of  the  genus  in  question  is  rendered  very 
probable.  Members  of  the  genus  DictyograptvSy  Hopk.,  appear 
among  the  very  oldest  of  known  Graptolites ;  the  genus  maintains 
itself  throughout  the  whole  of  the  Silurian  formation,  while  by  its 

^  Dr.  Herrmann  has  published  in  the  <<  Nyt  Magazin  for  Natorridenskabeme,*' 
Tol.  xxiz.  Heft.  2,  the  greater  part  of  a  treatise,  in  German,  on  the  Graptolite  family 
Dichograptid®,  the  first  chapter  of  which  bears  the  above  title,  and  is  here  translated. 
This  is  terminated  by  an  elaborate  analytical  bibliography  of  the  literature  of  Grap- 
tolites. The  second  chapter  deals  with  the  organization  and  economy  of  the  Grapto- 
lithidse,  and  the  third  (not  yet  completed)  contains  a  monographic  revision  of  the 
genera  and  species  of  Dichograptidse. 

'  **  Die  silurischen  Etagen  2  und  S  in  Eiistianiagebietund  auf  Eker,"  Christiania, 
1882. 
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side  new  genera  make  their  appearance,  oulminate  and  disappear. 
Even  after  the  other  Oraptoiites  had  long  since  disappeared  from  the 
ancient  sea-fauna,  this  genus  still  lived  on,  for  we  find  it  occurring 
in  the  Devonian. 

All  other  Graptolites,  however,  are  confined  to  the  three  subdivi- 
sions of  the  Silurian  : — the  Cambrian,  Lower  Silurian  (Ordovician), 
and  Upper  Silurian  (Silurian  System ;  Silurian  proper). 

If  we  wish  to  obtain  a  clear  and  complete  picture  of  the  vertical 
distribution  of  the  Graptolites,  we  find  the  course  made  plain  by  C. 
Lapworth's  classical  memoir,  "On  the  Geological  Distribution  of 
the  Bhabdophora," '  From  this  invaluable  work  it  appears  that  not 
only  the  families  and  genera,  but  even  the  individual  species  are 
confined  to  perfectly  definite  levels ;  that  the  zones  characterized  by 
particular  genera  or  species  occupy  the  same  relative  position  to  one 
another  over  the  whole  earth ;  and  that  the  Graptolites  are  well  fitted 
to  enable  us  to  make  even  a  detailed  subdivision  of  the  Silurian  for- 
mation. 

Graptolites  are  known  from  the  Upper  Cambrian.  G.  Linnarsson 
has  described  a  branched  species  of  Graptolite'  from  the  Olenm* 
shales  of  West  Gothland;  Bryograptua  Callavei,  Lapw.,  has  been 
found  in  England  in  somewhat  younger  deposits ;  and  in  Norway 
Cambrian  strata  have  famished  Dictyograptus  fiabdliformta,  Eichw., 
and  Bryograpttu  KjertUfi,  Lapw.  (and  other  species  of  these  two 
genera),  in  great  individual  abundance.  The  question  now  arises  : — 
Which  of  the  species  of  Graptolites  enumerated  is  the  most  ancient? 
Lapworth  answers  this  question  to  the  effect  that  D,  teneUus,  Linnars., 
and  B.  Callavei,  Lapw.,  with  B.  Kjerulfi,  Lapw.,  open  the  series  of 
the  Graptolites.  On  the  contrary,  Brogger'  shows  that  in  Norway, 
B.  Kjerulfi,  Lapw.,  occurs  in  the  upper  beds  of  the  Diriyograptus' 
shales,  over  Diet.  flabelUformis,  Eichw.,  itself,  and  proves  that  this  is 
also  the  case  in  England  with  B.  Callavei,  Lapw.  The  zone  with 
Bryograptua,  Lapw.,  is  therefore  in  his  opinion  younger,  both  in 
Norway  and  in  England,  than  the  zone  with  Dictyograptus,  Hopk. 
But  we  must  regard  the  Swedish  Dichograptus  ienellua,  Linnars.,  as 
older  than  Dietyograptus  flabellifarmiat  Eichw.,  and  indeed  as  the 
oldest  Graptolite  which  has  as  yet  become  known  to  us.  According 
to  Linnarsson,  it  is  contained  in  the  O/^ntM-shales  (Feltura-zone)  of 
West  Gothland,  which  is  overlain  by  the  Dietyograptua-BlialeB ; 
according  to  Yon  Schmalensee,  it  occurs  above  the  Peltura-zone,  but 
in  deposits  which  are  in  contact  therewith.  Dtctyograpttu  ienelluSf 
Linnars.,  belongs  undoubtedly  to  the  family  DichograptidsB,  Lapw., 
and  this  family  is  in  fact  the  oldest  family  of  Graptolites. 

Any  one  who  is  for  the  first  time  occupied  seriously  with  the 
sequence  of  the  Graptolites  in  age  will  be  exceedingly  astonished  at 
such  a  result,  as  he  does  not  find  those  forms  which  are  the  most 

^  Ann.  Mag.  Nat.  Hist.  ser.  5,  yol.  iii.  pp.  245  and  449 ;  yol.  iy.  pp.  333  and 
423  ;  yol.  y.  pn.  46,  273,  and  358 ;  and  yol.  yi.  pp.  16  and  185. 

'  It  receiyea  from  Linnarsson  the  name  of  l)iehogroptua  UneUut,  L.,  but  errone- 
onslj.     Upon  this  further  hereafter. 

'  Loe,  cit  pp.  145. 
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Bimply  coDStruoted,  the  aniserial  and  one-sided  Monograptidsd,  figur- 
ing also  as  the  oldest  representatives  of  the  group.  He  will  wonder 
to  see  the  Graptolites  soddenly  make  their  appearance  in  the  world 
of  organisms  under  complicated  and  very  elegant  forms. 

The  oldest  Graptolite  family,  Diohograptidse,  Lapw.,  appears 
therefore,  as  we  have  already  seen,  in  the  uppermost  division  of  the 
Cambrian,  attains  the  maximum  of  its  development  in  the  lowest 
division  of  the  Lower  Silurian  (Arenig  formation),  and  becomes 
extinguished  before  the  superior  limit  of  the  Lower  Silurian  is 
reached. 

The  next  oldest  family,  Phyllograptidad,  Lapw.,  appears  to  be  con- 
fined to  the  lowest  division  of  the  Lower  Silurian  (Arenig).  The 
same  is  the  case  with  the  family  Lasiograptidee,  Linnars.,  or  Glosso- 
graptidsB,  Lapw.,  with  its  still  partly  problematical  forms  of  Lower 
Silurian  age.  The  Leptograptidee,  Jjapw.,  and  Dicranograptid», 
Lapw.,  are  also  confined  to  the  Lower  Silurian.  The  most  ancient 
representatives  of  both  families  make  their  appearance  in  the  lowest 
division  (Upper  Arenig),  and  the  most  modem  are  extinguished  in 
the  uppermost  division  (Upper  Caradoc)  of  the  Lower  Silurian. 

The  family  Diplograptidae,  Lapw.,  commences  with  isolated  species 
as  early  as  the  lower  limit  of  the  Lower  Silurian,  but  is  fully  deve- 
loped only  at  it«  upper  boundaty  and  extends  up  into  the  Upper 
Silurian,  although  it  dies  out  completely  in  the  first  division  of  this 
(Valentian). 

The  vertical  distribution  of  the  family  Retiolites  coincides  with 
that  of  the  preceding  family. 

All  these  families  are  followed,  after  the  most  luxuriant  period  of 
this  group  of  animals  is  passed,  and  it  is  already  rapidly  declining, 
by  the  Monograptidso.  With  regard  to  these  Lapworth  has  shown 
that,  contrary  to  previous  notions,  they  are  strioUy  confined  to  the 
Upper  Silurian,  and  that  therefore,  according  to  the  present  stand- 
point of  our  knowledge  of  the  Graptolites,  '*  the  mere  presence  of  a 
single  species  of  the  MonograptidsB  may  at  once  be  set  down  as  con- 
clusive evidence  of  the  (Upper)  Silurian  age  of  its  containing  beds." 

This  family,  as  already  indicated,  is  survived  only  by  the  genua 
Dietyograptua,  Hopk.,  which  passes  into  the  Devonian.  Dictyograptus, 
Hopk.,  is  at  present  still  unranged  in  the  system.^ 

Massing  from  these  brief  remarks  upon  the  distribution  of  the 
Graptolites  in  time,  to  their  distribution  in  space,  or  geographical 
distribution,  we  must  mention  at  once  that  our  organisms  are  cosmo* 
politan  fossils.  Up  to  the  present  time  we  have  been  able  to  ascer- 
tain their  existence  in  the  Silurian  deposits  of  three  continents^ 
Europe,  America,  and  Australia. 

In  Sweden,  where  these  fossils  were  first  observed,  we  have  to  seek 
the  localities  for  Graptolites  in  the  districts  of  Schonen,  West  and 
East  Gothland,  Dalecarlia,  and  Jemtland,  and  in  Gotland.  The  best- 
known  names  of  these  may  be  here  given  in  order  to  facilitate  the 

1  8.  A.  Tullberg's  most  recent  work  (Zeiiachr.  d.  dentwh.  Geol.  Gescllsch.  1883, 
pp.  223-269)  contains  a  system  in  which  the  Dictyograptidse,  Tnllb.,  are  placed,  as  a 
new  family,  at  the  head  of  all  other  families. 
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immediate  knowledge  of  the  position  of  any  given  locality :— they 
are,  in  Schonen  (Skane) : — Rostanga,  Tosterup,  Jerrestad,  FogelsUng, 
Nyhanin,  Kiviks-Esperod,  Flagabro,  Korastad;  in  Dalecarlia 
(Dalarne)  : — Nitsjo,  StygfoRsen,  Eallholm,  GuUer^en,  Osmundsberg, 
Eo&n,  Skattungbyn;  in  East  Gothland:  —  the  Hunneberg  and 
Elnbbadden  near  Motala;  in  West  Gothland:— Eongslena;  and  in 
Gotland  : — Visby,  F&ron,  and  the  district  of  Projel. 

The  Swedish  Graptolites  have  been  very  thoroughly  worked  out 
M.  von  Bromel,  the  first  observer  of  these  peculiar  organisms,  Linne, 
who  gave  them  their  present  name,  Nilsson,  Hisinger,  L.  Tornquist, 
and  especially  G.  Linnarsson  and  S.  A.  Tullberg,  have  contributed  to 
this  accurate  knowledge  of  the  Swedish  Graptolites.  S.  A.  Tullberg 
has  done  this  above  all  by  his  work  "  Sk&nes  Graptoliter,  I.,**  in 
which,  following  the  example  of  the  English  palaeontologist, 
Lapworth,  he  has,  with  the  aid  of  the  Graptolites,  endeavoured  to 
carry  out  a  special  division  of  the  Swedish  Silurian. 

In  Norway  the  productive  fossil  localities  in  the  vicinity  of  Chris- 
tiania  also  iumished  Graptolites  at  an  early  date.  In  the  capital  of 
the  district  itself,  or  in  its  immediate  neighbourhood,  localities  occur 
upon  the  Gkdgenberg,  in  the  Nordal  Bruns-Strasse,  and  at  the 
churchyard  "  Vor-Frelser,"  near  the  Botanic  Garden  (Toien),  in 
which  well-preserved  Graptolites  may  easily  be  collected.  At  a 
somewhat  greater  distance  from  Christiania  are  the  localities  Yakkero, 
Malmo,  Asker  and  Roken ;  and  still  further  off  we  find  Erekling  in 
the  parish  of  Eker,  and  the  district  of  Ringerike  with  several  points, 
such  as  Slemstad,  Fure,  etc. 

During  an  excursion  last  summer  (1884)  another  locality  was  dis- 
covered in  Ringerike,  in  which  thick  graptolitiferous  aluminous 
schists  (PA^{/o^rap<u«-schist8  of  the  Silurian  Etage  3,  and  Dictyo* 
graptuB'SohiBtB  of  Etage  2),  may  be  well  studied,  although  the  state 
of  preservation  of  the  fossils  themselves  is  by  no  means  satisfactory. 
This  point  is  situated  above  the  farmstead  of  Yal,  opposite  the 
Yikersund  railway  station. 

In  the  last  few  years,  indeed,  the  number  of  the  Norwegian 
graptolitiferous  rocks  has  been  repeatedly  increased.  In  the  first 
place,  H.  Reusch  has  detected  among  the  fossils  from  the  peculiar, 
strongly-metamorphosed  mica-schists  of  the  peninsula  of  Bergen, 
Graptolites  which  indicate  an  Upper  Silurian  age  for  the  beds  in 
question.  The  locality  for  these  Graptolites,  which,  however,  are 
much  deformed,  is  near  the  farmstead  of  Yagtdal. 

I  have  myself  also  discovered  Graptolites,  in  the  summer  of  1883, 
in  the  bluish-grey,  pyritous  clay-slates,  which  stretch  from  Hovind 
in  the  district  of  Drontheim  to  the  Selbo  lake,  and,  with  their 
reddish-brown  weathered  surface,  are  conspicuous  as  a  thick  band  in 
the  mountains.  These  clay-slates,  like  most  of  the  sedimentary 
rocks  of  the  Drontheim  district,  are  strongly  metamorphosed,  and,  in 
consequence,  the  Graptolites,  as  may  be  supposed,  are  preserved  in 
a  very  unsatisfactory  state.  The  species  which  I  could  determine 
(Dicranograptue  ramosus,  Hall,  Diplograptus  terettusculus^  His.)  in- 
dicate for  the  slates  a  horizon  corresponding  to  the  English  *'  Upper 
Llandeilo  "  or  "  Lower  Caradoc." 
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The  Norwegian  Graptolites  are  still  but  little  investigated,  as  the 
naturalists  of  this  country  have  directed  their  chief  attention  rather 
to  geological  investigations.  There  are  two  old  memoirs  by  Boeck 
and  Scharenberg;  then  some  species  are  enumerated  by  T.Ejerulf  ;^ 
there  is  a  fragmentary  working-up  of  the  Norwegian  Graptolites  in 
Brogger's  great  work ;  *  and  also  a  small  memoir  by  the  author.' 
The  further  elaboration  of  the  Norwegian  Graptolites  is  in  the  hands 
of  G.  Holm,  who  has  already  furnished  some  excellent  memoirs  upon 
them.* 

Cheat  Britain,  which  is  so  richly  endowed  from  a  geological  point 
of  view,  has,  in-  different  parts,  excellent  localities  for  Graptolites, 
and  the  English  palfeontologists,  such  as  Murchison,  Portlock, 
Phillips,  Sedgwick,  Salter,  Nicol,  M*Coy,  Harkness,  and  especially 
Nicholson,  Hopkinson,  and  the  first  authority  in  this  department,  G. 
.Lap worth,  who  have  taken  it  upon  them  to  investigate  these  localities 
with  unwearied  zeal,  have  accumulated  an  abundance  of  material,  so 
that  the  British  Graptolites  must  be  regarded  as  those  which  have 
been  best  investigated.  In  the  districts  established  by  the  British 
authors  in  their  writings — Wales,  the  Lake  District  in  the  north  of 
England,  Girvan,  Ireland  and  Scotland — a  whole  series  of  localities 
and  systems  of  strata  have  become  famous  in  the  eyes  of  the  Grapto- 
litist.  In  Wales  this  is  the  case  with  the  neighbourhood  of  St 
Davids  (Arenig  and  Llandeilo  rocks),  with  the  Shropshire  district 
(Caradoc  and  Salopian  formations),  and  the  vicinity  of  Conway 
(Tarannon).  In  the  Lake-District  in  the  north  of  England  we 
know  the  neighbourhoods  of  Skiddaw  and  Sedgwick  by  the  Skiddaw 
Slates  of  Arenig  age,  theConiston  Mudstones  of  Skellgill  (Llandovery 
formation),  and  Uie  Coniston  Flags  (Salopian)  which  occur  there. 
Ireland  has  to  show  the  known  localities  of  the  Bellewston  Hills 
and  County  Meath  (Llandovery  formation,  ue.  Yalentian),  and  in  the 
first  rank  the  County  Down,  with  Ballygrot  (Caradoc  and  Llan- 
dovery).  Scotland,  finally,  presents  the  Glenkiln  or  Lower  Mofiat 
Shales  of  the  neighbourhood  of  Moffat  and  the  district  of  the  Lead 
hills;  and,  further,  the  Hartfell  Shales  or  Middle  Moffat  Beds 
(Upper  Caradoc)  and  the  Birkhill  Shales  (Llandovery)  of  the  Mofiht 
district,  as  remarkably  rich  in  Graptolites. 

In  France  Graptolites  are  found  near  FougeroUes,  at  Cabri^s 
near  Nef&ez,  near  Poligne,  La  M6nardaie,  Domfrontand  Mortain, 
Vretot,  Crozon,  Angers,  Luchon  and  Caf&ers. 

In  the  Pyrenean  peninsula  Graptolites  have  been  detected  both  in 
Portugal  (in  the  vicinity  of  Oporto, — Lower  Silurian)  and  in  Spain 
(in  the  deposits  of  Almaden  and  in  the  Sierra  Morena, — Upper 
bilurian). 

The  Sardinian  Graptolites  are  Upper  Silurian. 

Continuing  our  wandering,  we  find  the  next  localities  for  Grapto- 

'  **  Veiyiaer  ved  Geolog.  ezciinioner  i  Cbrirtiaina  Oraegn." — Christiaiiia,  1866. 

3  *  *  Die  silurischen  Etagen  2  und  3  im  Kristiaiiiagebiet  and  auf  £ker.'*~  Christiania, 
1882. 

^  *'  Yorlaufige  Mittheilimg  iiber  eine  neue  Graptolithenart,  etc.,**  in  Nyt  Mag.  for 
Natiirv.„vol.  xxvii.  (188^),  pp.  341-362, 

*  In  Of?.  KongL  Vet  Akad.  F6rh.  1881, 
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lifces  in  Silesia,  upon  which  F.  Rotner  reports ;  in  Carinthia  and  in 
Bohemia,  The  Bohemian  Graptolites  are  known  to  all  geologists. 
They  are  derived  from  the  environs  of  Prague  and  Beraun,  and  the 
names  of  plaoes  which  oocur  most  frequently  in  our  literature  are : 
Motol,  Gro8s-Eu<^el,  Eonigshof^  Libomischl,  Eonieprus,  Borek, 
Jarow,  etc. 

Hie  Silurian  formations  of  the  neighhonring  Saxomf  and  of 
Thuringia  also  present  a  rich  storehouse  ;  in  the  former  country  the 
Graptolites  are  all  of  Upper  Silurian  age ;  in  the  latter  both  Upper 
and  Lower  Silurian.  The  names  of  the  long-known  localities  are : 
Frankenberg,  Langenstriegis,  Reichenbach,  Oelsnitz,  Hartmanns- 
griin,  the  neighbourhood  of  Saalburg  and  Schleiz,  of  Ronneburg  and 
Saalfeld.  In  Bavaria,  Oulmbach.  Barrande's  investigations  on  the 
Bohemian  Graptolites,^  as  also  those  of  H.  B.  Geinitz  on  those  of 
Saxony,'  are  known  to  every  one.  The  writings  of  R.  Riohter  upon 
Thuringian  Graptolites'  also  merit  notice. 

In  North  Oermany,  in  the  Harz,  we  onoe  more  come  upon  a  spot 
with  Graptolites  in  their  original  place  of  deposition ;  our  fossils 
have  been  discovered  here  upon  the  south  side  of  the  Rausberg,  and 
near  Thall  at  the  northern  margin  of  the  mountain.  For  the  know- 
ledge of  this  we  are  indebted  to  Eayer  and  Lessen. 

On  the  other  hand,  the  points  are  innumerable  at  which  Graptolites 
have  been  observed  in  northern  erratics  with  which  the  low  plain 
of  northern  Europe  is  strewed.  In  these  Graptolites  have  been 
found  by  Romer,  F.  Haidenhayn,^  and  E.  Haupt.  It  is  only  quite 
lately  that  S.  A.  Tullberg'  has  again  demonstrated  that  one  of  the 
Graptolitiferous  rocks  met  with  in  North  Germany  agrees  perfectly 
both  in  its  petrographic  constitution  and  in  the  organic  remains 
oontained  in  it  with  a  rock  found  in  place  in  Sk&ne.  In  the  island 
of  Bomholm  (investigated  by  Forchhammer,  Johnstrup,  eta),  which 
geologically,  '<  forms  a  direct  continuation  of  southern  Sweden," 
various  Graptolite-zones  of  Sk&ne  have  also  been  recognized. 

It  must  also  be  mentioned  that  these  characteristic  Silurian  fossils 
have  been  detected  in  several  plaoes  in  the  widely-extended  Silurian 
deposits  of  Russia,  as  in  the  Baltic  provinces  of  Esthland  and 
Ingermannland,  in  Poland  at  Zbrza  near  Eielce,  and  in  the  Ural. 
Eichwald  and  Schmidt  have  investigated  Graptolites  from  the 
Baltic  provinces,  and  Zeuschner  others  from  Poland.' 

The  above-mentioned  localities  are  thrown  quite  into  the  shade,  as 
regards  the  state  of  preservation  and  number  of  the  individuals,  by 
the  North  American  ones.  In  the  widespread  Transatlantic  Silurian 
formations,  especially  in  Canada,  Graptolitic  deposits  have  been 
discovered  which  have  beoome  inestimable  mines  of  wealth  to  the 

^  <' Graptolites  de  Bohdme,"  Prague,  I860. 

'  "DieVerBteiiierQiigen  der  Grauwackenformatioii  in  Sachsen:  I.  Graptolithen," 
Leipzig,  1852. 

3  ZeitBchr.  d.  deutsob.  geol.  OeseUBch.  18^,  1861,  1866,  1871,  1875. 
«  ZeitBchr.  d.  deutsoh.  geol.  GeseUflch.  yoL  xxi.  (1869),  p.  143. 
»  Ibid,  vol.  XXX?  (1883),  p.  266. 
•  Ibid,  vol  xxL  (1869),  p.  569. 
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pals&onf  ologist.  We  mention  here  only  the  results  which  James  Hall 
has  given  in  his  great  work.^ 

Among  the  subdiTisions  of  the  Silurian  established  by  the 
American  geologists,  the  so-called  Quebec  Group  has  especially 
proved  to  be  a  system  of  strata  richly  charged  with  well-preserved 
and  rare  specimens  of  Graptolites.  Under  the  name  above  cited  the 
North  American  *' Calciferous  Sandstone"  and  the  '^Chazy  Lime- 
stone "  have  been  grouped  together.  The  most  celebrated  locality 
for  this  group  is  the  frequently  mentioned  Point  Levis,  the  Grapto- 
litic  treasures  of  which  were  discovered  in  1854  Besides  this 
locality,  Orleans  Island  and  St  Anne's  River  are  to  be  mentioned  for 
the  same  horizon.  Older  than  the  Quebec  Group  is  the  Potsdam 
Sandstone  (St,  Croix  and  River  Valley) ;  younger  are  the  Utica 
Slates  (Utica),  and  the  Hudson's  River  formation  (Norman's  Kill,  in 
the  neighbourhood  of  Albany,  in  the  State  of  New  York).  Natura- 
lists who,  besides  James  Hall,  have  written  upon  American 
Graptolites,  are: — Brongniart  (1828),  Vanuxem,  Mather  (1843), 
Emmons  (1846),  Billings,  Prout  (1861),  Logan,  and  Nicholson.* 

By  the  incessant  labours  of  the  Geological  Surveys,  Graptolites 
have  been  discovered  in  a  number  of  the  States  of  the  Union. 
Hitherto  our  fossils  have  been  detected  in  New  York,  Wisconsin, 
Ohio,  Tennessee,  Iowa,  and  Virginia,  and  also  to  the  north  of  Belmont, 
in  Nevada. 

The  knowledge  of  the  existence  of  Graptolites  in  deposits  in  8ouih 
America  is  of  very  old  date.  In  the  Republic  of  Bolivia,  strata  which 
hold  a  jposition  about  on  the  boundary  between  the  Upper  and 
Lower  Silurian,  have  furnished  several  species. 

In  conclusion  the  abundantly  developed  Graptolite-fanna  of 
of  Awtralia  must  not  remain  unnoticed.  The  strata  of  the  environs 
of  Victoria  are  the  equivalents  of  the  English  Arenig  and  Llandeilo- 
Bala.  Their  fauna  has  been  studied  by  R.  Etheridge,  jun.,'  and  by 
MCoy.*  W.  S.  D. 

IV. — On  the  Fossil  Sibemia  in  the  British  Museum 
(Natural  History),  Cromwell  Road,  S.W. 

By  Henry  Woodwabd,  LL.D.,  F.R.S.,  F.G.S.; 
Keeper  of  the  Geological  Department 

AMONG  the  vast  additions  which,  during  the  past  five  years, 
have  heen  made  to  the  palsdontologioal  collections  in  the 
British  Museum  (Natural  History),  none  probably  possess  greater 
interest  to  the  naturalist  and  comparative  anatomist  than  the 
remains  of  the  very  remarkable  group  of  aquatic  phytophagous 
mammals  known  as  the  Sirenia,  of  which  the  '*  Manatee"  and  the 
''  Dugong"  are  the  living  representatives. 
Fossil  remains  of   Sirenians  have  been  met  with  in    Tertiary 

'  Graptolites  of  the  Qaehec  Gronp»  Montreal,  1865. 

s  Ann.  Mag.  Nat.  Hist.  ser.  4,  yol.  xi.  (1873),  pp.  133—143. 

'  Ann.  Mag.  Nat.  Hist.  ser.  4,  vol.  xiv,  (1874),  pp.  1—- 9. 

^  Prodromus  of  the  Paleontology  of  Victoria,  Dec  i. — iii.  (1874 — 78}  •  • 
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strata  over  the  greater  part 

of  Europe,  in  England,  Hoi-  ^ 

land,  Belgium,   France,  Ger-  ^,  9 

many,  Austria,  Italy,  and  in  3^  ^  '7 

deposits   of  analogous  age  in  §  o  oq 

the  Isthmus  of  Suez  at  Chalaif,  £:  S  ^ 

and  the  quarries  of  Mokattam  ^  I  ^ 

near  Cairo,  in  Africa.  S*  |  o 

They  have  also  been  obtained  *    p  *^ 

from  the  Phosphate   Beds  of  t*  o  § 

South  Carolina,  the  Eocene  of  <f  a  Si 

Shark  Kiver,  New  Jersey,  in  p*  5  2. 

the  United  States  ;  and  from  ^  ^  § 

the  Tertiary  of  Jamaica  in  the  »  "^  §? 

West  Indies.  |-  «  I*- 

Of  the  European  species,  by  P  i.  5- 

far    the    larger  number    are  Zi  S.  "^ 

referable  to  the  genus  Halt-  %  ^  *^ 

therium,    originally    described  °^  S*  m. 

by  Kaup  from  the  Miocene  of,  §  ^  g 

Hesse- Dai-mstadt,  and  of  which  9  Z  '^ 

we  are  now,  thanks  to  Dr.  G.  »^ 

E.   Lepsius,  of  the   Museum,  $^  g 

Darmstadt,    acquainted    with  B'  | 

the  entire  skeleton  (Fig.  1).  S-  § 

[See  the  Memoir  on  Halt-  *  S. 

therium    Schinzi,    die    fossile  3  ^ 

Sirene  des  Mainzer  Beckens,  eg*  | 

von  Prof.  Dr.  G.  fi.  Lepsius,  .  g'  §- 

Darmstadt,    1881,     Abhandl.  '  ^& 

des  Mittelrhein.  geolog.  Vere-  g- 

ins,  1  Band,  1  Lieferung,  pp.  ^  ^ 

1—76,  with  10  double  quarto  S.  I 

plates.]  *  ^  5 

Halitherium  resembled    the  ^  S- 

Dugong  in  its  dentition,  hav-  g.-  ? 

ing  small  tusk-like  incisors  in  |^  ^ 

the  upper  jaw,  though  these  ^  o 

were   not  so  well   developed  |  | 

as  in  the  *  Dugong'  (Malicore).  |  q 

The  molar  teeth  were  i  or  i,  ^  S- 

the  anterior  teeth  were  simple  ?  g' 

and  single-rooted,  the  posterior  ^  K 

teeth  of  the  upper  jaw  with  ^  « 

three  roots,  and  those  below  ^^g 

with  two  roots,  and  with  ena-  |"  I 

melled    and    tuberoulated   or  •?'  ^ 

^  Numerous  remains  of  Ealitherium,  comprising  two  jaws,  one  skull,  detached 
teeth,  EcapulflD,  femora,  rihs,  and  many  Tertebise,  from  Darmstadt,  are  also  preserved 
in  the  collection. 
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ridged  crowns,  in  all  which  points  they  resemble  the  Manatee  more 
than  the  Dugong.     The  anterior  molars  were  deoidnons. 

The  pelvic  bones  are  better  developed  than  in  existing  Sirenians ; 
there  is  also  a  rudimentary  stylifonn  femur.  They  were  therefore 
less  specialized  than  their  modem  representatives  (Flower). 

Fifteen  species  of  fossil  Sirenians  have  been  referred  to  the  genus 
Haliiherium  (see  list  pp.  424-6), 

Only  one  species,  Halitherium  Canhami,  Flower,  from  the  Red 
Crag  of  Waldringfield,  Suffolk,  occurs  fossil  in  England.  (See 
Quart  Joum.  Qeol.  Soa  1874,  vol.  xxx.  pp.  1-7,  pi.  i.) 

This  interesting  species  is  represented  by  a  coloured  cast  of  the 
skull  in  the  British  Museum  (Natural  History),  the  original  being 
preserved  in  the  Ipswich  Museum. 

Another  genus,  very  considerably  larger  than  Halithertum,  has 
been  described  by  Professor  Giovanni  Capellini,  from  the  Pliocene 
of  Riosto,  Bologna,  under  the  name  of  Felsinoiherium  Forresiii;  it 
consists  of  a  nearly  perfect  skull  and  lower  jaw,  of  which  the 
British  Museum  (Natural  History)  also  possesses  a  coloured  cast  of 
the  type  specimen. 

Feliinotherium  closely  resembles  Haltcore  in  its  dentition : 

..11  ,         5.    5. 

K-n  molars 


6.    5. 


Another  species  of  Fehinotheriumt  namely,  F,  Gervaisii,  has  also 
been  described  by  Prof.  Capellini  from  the  Pliocene  of  Siena.* 

The  skull  and  lower  jaw  of  a  very  singular  type  of  Sirenian,  named 
by  Prof.  Sir  Richard  Owen  Frorastomus  sirenoides,  has  been  obtained 
from  strata  of  Tertiary  age  in  Jamaica,  and  is  preserved  in  the 
British  Museum  (Natural  History). 

It  differs  widely  from  either  known  existing  or  extinct  genera  of 
Sirenia,  but  probably  i^proaches  nearer  to  the  living  Manatta  than 
to  Haltcore,  But  it  is  in  its  dentition  that  Froraaiomtis  presents  the 
most  remarkable  deviation  from  the  rest  of  the  order,  for  we  have 
present   at  one  and  the  same  time,  clearly  differentiated — 

incisors  ^„,  canine   r^.,  premolara  t— v,  molars         =^18  teeth.' 

Another  curious  discovery  is  that  of  a  natural  (gf^t,  found  by  Dr. 
Grant  of  Cairo,  in  a  block  of  Eocene  (?)  rock  from  the  quarries  of 
Mokattam,  near  Cairo,  which  proved  to  be  a  most  perfect  copy  of 
the  interior  of  the  skull  or  brain-cavity  of  another  species  of  Siren, 
named  Eotherium  ^gyptiacum  by  Owen,  who  described  it  in  the 
Quarterly  Journal  Geol.  Soa  for  1875  (vol.  xxxi.  p.  100). 
Portions  of  the  characteristic  ribs  and  some  detached  teeth  have  also 
been  obtained  from  the  same  locality.  This  natural  cast  of  the 
brain  of  Eotherium  is  placed  with  the  other  fossil  Sirenia  in  the 
Geological  Ghillery  of  the  British  Museum  (Natural  History). 

Early  in  the  present  year,  the  Trustees  acquired  by  purchase, 

1  See  Mem.  dell'Istit.  di  Bologna,  ser.  iii.  torn.  L  fasc.  4,  pp.  605—634,  tar. 
i— Tii. 

*  See  Quart.  Joum.  GeoL  Soc  1865,  vol.  xi.  pi.  xv.  figs.  1 — 6,  and  1875,  voL 
xxxi.  pp.  659—567. 
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from  Mr.  Robert  Damon,  F.G.S.,  a  nearly  entire  skeleton  of  Bhytina 
gigas^  {=Bhytina  SteUeri^)  obtained  from  the  Pleistocene  Peat- 
deposits  on  Bebring's  Island. 

This  interesting  species  of  Siren,  commonly  known  as  "  Steller's 
Sea-cow,"  once  no  doubt  abundant  along  the  shores  of  Kamtschatka, 
the  Eurile  Islands,  and  Alaska  peninsula,  but  now  entirely  extinct, 
was  first  discovered  by  the  eminent  Grerman  naturalist  Steller,  who, 
in  company  with  Vitus  Behring,  a  captain  in  the  Bussian  Navy  and 
a  celebrated  navigator  of  the  northern  seas,  was  with  his  vessel  and 
crew  cast  away  upon  Bebring's  Island  (where  Behring  died),  in  1741. 

We  have  fortunately  preserved  to  us  Steller's  original  description  ^ 
of  the  animal,  as  seen  alive  by  him,  during,  his  long  enforced 
residence  on  the  island  ;  and  no  other  competent  observer  has  since 
had  the  same  opportunity ;  for  between  1742  and  1782,  a  period  of 
forty  years,  this  large  and  harmless  mammal  appears  to  have  been 
entirely  extirpated,  for  the  sake  of  its  flesh  and  hide,  around  both 
Bebring's  Island  and  Copper  Island,  to  the  shores  of  which  in 
Steller's  time  it  was  limited. 

In  his  recently  published  "  Voyage  of  the  Vega,"  Professor  A.  E. 
Nordenskiold  ^  has  drawn  attention  to  this  now  extinct  Sirenian,  and 
by  the  description  of  his  efforts  to  recover  its  remains,  we  learn 
much  as  to  their  present  rarity,  whilst  he  graphically  portrays  the 
habits  of  Bhytina  and  its  general  appearance,  as  gathered  from  the 
bibliographical  notices  given  by  Steller,  who  alone  seems  to  have 
left  any  record  of  the  living  animaL 

The  bones  of  the  Bhytina  are  not  be  seen  anywhere  lying  upon 
the  surface  of  the  ground  in  either  of  the  two  islands,  nor  do  they 
occur  along  the  shore  at  the  level  of  the  sea,  but  they  are  met  with 
at  a  distance  from  the  shore  in  old  raised  beaches  and  the  Post- 
Tertiary  peat-mosses,  deeply  buried  and  thickly  overgrown  with 
luxuriant  grass.  It  would  be  next  to  impossible  to  find  them  by 
digging,  but  they  are  found  by  boring  into  the  peat  with  an  iron 
rod  or  some  such  tool.  The  same  method  is  adopted  in  the  peat- 
deposits  in  Ireland,  when  one  desires  to  find  a  timber-tree  for  gate- 
posts; or  when  seeking  for  remains  of  the  gigantic  Irish  Deer, 
Cerous  hihemicus ;  the  resistance  offered  to  and  the  sound  emitted 
by  the  boring-rod,  when  in  contact  with  a  solid,  is  at  once  noticed 
by  the  operator.  The  specimen  of  Bhytina  now  in  the  British 
Museum  was  obtained  from  compact  peat,  and  all  the  vertebrae  and 
other  bones  having  cavities  in  them  were  full  of  peat-growth  when 
they  arrived,  as  was  also  the  skull. 

Although  specimens  of  Bhytina  are  preserved  in  several  Museums, 
as  at  St  Petersburg,  at  Helsingfors  in  Finland,  and  in  Stockholm, 

^  Zimmermann,  1780. 

3  Desmareet,  1819. 

s  «  De  Bestiis  marinis,  auctore  Oeorj^.  Wilhelm.  Stellero,"  etc.,  H^m.  Acad.  Sci. 
St.  Peterebourg  (read  1745,  published  1751),  torn.  ii.  pp.  294-330. 

^  <*Tlie  Voyage  of  the  Vega  round  Asia  and  Europe, '  London,  1881,  toL  ii.  pp. 
272-281. 
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the  acquisition  of  an  almost  perfect  skeleton  for  the  British  Masenm 
(Natural  History)  appears  deserving  some  special  notice.^ 

A  detailed  description  of  the  Bhylina  is  rendered  almost  superero- 
gatory by  the  magnificent  work  of  the  late  Dr.  J.  F.  Brandt,  of 
8t.  Petersburg,*  who  in  his  Monograph,  'SymboUe  Sirenologicsd/ 
1846-68,  has  left  us  a  masterly  and  detailed  account  of  the  anatomy 
of  this  interesting  genus,  accompanied  by  admirably  executed  plates. 

The  head  in  Bhytina,  and  indeed  in  all  the  Sirenia,  is  rounded, 
and  of  moderate  size,  never  disproportionately  large,  as  in  the 
Whales;  the  neck  is  short  and  scarcely  offers  any  marked  con- 
striction between  the  head  and  body.  But,  although  short,  the  neck 
is  capable  of  a  considerable  amount  of  movement,  which  is  not  the 
case  in  any  of  the  Cetacea,  with  which  group  the  Sirens  were 
formerly  confounded. 

The  muzzle  is  truncated  and  obtuse,  and  the  nostrils,  which  are 
placed  above  the  fore  part  of  the  snout,  are  valvular  and  distinct 
The  external  ear  is  absent,  or  very  small ;  the  eyes  very  small  with 
an  imperfect  eyelid,  but  a  well-developed  nictitating  membrane. 
The  form  of  the  body  is  depressed,  fusiform,  tapering  behind,  and 
without  any  dorsal  fin ;  the  tail  is  flattened  and  expanded  horizontally, 
as  in  the  Ckstacea. 

The  fore  limbs  appear  to  be  remarkably  free,  and  capable  of  being 
moved  from  the  shoulder-joint.  Thus  the  living  Manatee  has  been 
observed  to  use  its  fore  limbs,  ''manus,"  to  assist  in  bringing  the 
food  towards  the  mouth  in  feeding ;  and,  as  the  mammary  glands 
are  axillary,  the  females  all  hold  the  young,  in  early  life,  under 
their  arms.' 

The  pelvis  in  the  Sirenia  is  exceedingly  rudimentary,  consisting 
of  a  pair  of  small  bones  suspended  at  some  distance  below  the 
vertebral  column.  (These  have  not  been  observed  in  Bhytina.) 
There  is  no  trace  of  any  hind  limb;  but  a  rudimentary  femur 
has  been  noticed  in  another  extinct  form  of  Sirenian  {ffaliiherium). 

The  head  in  Rhytina  is  small  in  proportion  to  the  long  and  very 
thick  body.  The  bones  of  the  skull  are  massive,  but  very  loosely 
connected  together. 

^  The  first  account  of  this  acqnisitioii  was  read  before  the  Geological  Society  of 
London,  25  March,  1885,  entitled:— ** On  an  almost  perfect  Skeleton  of  Rhytima 

figas  (Rhyiina  Stelleri^  *8teller'8  Sea-oow'),  obtained  by  Mr.  Bobert  Damon, 
\0.S.,  from  the  Pleistocene  Peat-deposits  on  Bebring*s  Island.  By  Henry  Wood- 
ward, LL.D.,  F.R.S.,  F.G.S.,  etc.,'^  and  appeared  in  the  Quart.  Joum.  Geol.  Soc., 
1885,  August  No.  toI.  xli.  pp.  457-472.  A  portion  of  this  article,  together  with 
two  of  its  illustrations,  is.  by  permission  of  the  President,  reproduced  here. 

*  One  of  the  contemporary  writers  on  Mytina  with  Brandt,  after  Steller,  was 
Alexander  y.  Nordmann,  Professor  of  Zoology  in  the  Imperial  UniTersi^  uf 
Helsingfors,  in  Finland  (see  Beitrafe  zur  Eenntnissdes  Enochen-Baues  der  Rhytwa 
Sulleriy  von  Dr.  Alexander  v.  Noramann,  4to.  Helsingfors,  1861,  Acta  Soc.  Soient. 
Fennicffi,  tom.  yii.  with  5  plates). 

'  That  the  appearance  ot  these  grotesque  animals,  no  doubt  frequently  seen  by  the 
earlier  voyagers,  both  in  the  East  and  West  Indies  and  on  the  coasts  of  Africa, 
should  have  originated  the  legends  of  Mermaids  and  Sirens,  seems  at  first  sight 
incredible ;  but  art  was  then  in  its  infancy  in  this  country,  and  doubtless  the 
engraver,  who  portrayed  at  »ec<md  hand  the  features  of  the  **  sea-siren,'*  had  but 
littie  assistance  in  his  delineation  from  the  narrator. 
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Sir  Eiohard  Owen  observes  that  this  character  oi^^K^^MolI,  taken 
in  connection  with  the  density  of  the  bony  skeleton,  ano^ler absence 
of  cavities'  in  the  bones  themselves, 
reminds  one  of  the  skeleton  of  the 
Keptilia    (Owen,   "On  the    Dngong," 

Proa  Zool.  Soc.  1838,  pp.  28-46).  ^ 

The    nasal    bones    are    quite  mdi-  -g 

mentary ;     the    maxillary     border    is  J 

narrow  and  straight;  the  premaxillary  'J 

bones,  forming  the    rostral  portion  of  g-g 

the  skull,  are  long  and  considerably  ^-9 

developed  in  front,  forming  the  strongly  ^  2 

curved  border  of  the  nasal  opening,  and  I J 

projecting  with  a  downward  curve  (as  ^  S 

in  Halieore,  but  less  acute),  its  upper  .  .-a 

and  outer  contour  being  very  convex,  J  o 

and  the  lower  and  inner  pcdatal  snr-  ^td 

face  being  concave.  .  ^ 

The    zygomatic     arch    is    strongly  'Jf'P 

developed    and    much    curved.       The  ^-J 

occipital  portion   of  the   skull   is  the  ^N 

broadest ;  the  supraoccipital  portion  is  J^ 

very  rugose,    the  condyles  are  semi-  i^-i 

circular  and  prominent,  and  the  foramen  ^^ 

magnum  is  very  wide.  .j  | 

The  lower  jaw  is  deep  in  proportion  *»  | 

to  its  length.      The  coronoid  process  ^S 

rises  very    little    above   the    condyle  "llg 

itself.     The  symphysis  of  th^  mandible  '^  c 

extends  for  about  one-third  (or  rather  W « 

more)  of  its  length,  having  a  convex  J '3 

contour  on  its  upper  surface  to  corre-  *g*3 

spend  with  the  concave  contour  of  the  ft  f 

premaxilla.     The  symphysial  surface  is  J  | 

very  rugose.  J  I, 

Two    kinds  of   teeth    (molars   and  '^ 

incisors)  are  usually  present  in  most  _ 

of  the  Sirenia.'    Dr.  James  Murie,  in  !§'§ 
his  elaborate  and  exhaustive  memoir 
on  the  Manatee  (Trans.  Zool.  Soc.  vol. 
viii.  1872,  pp.  127-202,  pi.  xvii.-xxvi.), 

observes: — "Although    Bhytina    was  o^ 

edentulous  in   the   adult   condition,   I  '.'"' 
strongly  suspect  that,  like  other  Sirenian 

genera,    rudimeniary    teeth    may   have  ^ 
existed  in  its  earlier  stages  of  growth. 
Nordmann  seems  also  favourably  inclined 
to  this  opinion." 

^  OmithopM  Seeleyiy  Holke,  had  not  then  been  discoyered. 

>  In  Prorattomut  canines  are  also  deyeluped ;  but  hhytina  posseeaed  neither. 
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It  is  interesting  to  observe,  in  oonfirmation  of  Dr.  Marie's  observa- 
tion, that  the  skulls  of  Rhytina  in  the  British  Museum  demonstrate 
the  former  presence  of  small  rudimentary  incisor  teeth  in  the 
premazillaries,  two  small  alveoli  being  clearly  shown;  and  the 
sides  of  these  bones  are  swollen  slightly,  just  where  the  pulp-cavities 
of  these  small  incisors  would  have  been  situated. 

As  compensation  for  the  absence  of  teeth  in  JthytinOj  the  palate 
and  sides  of  the  gums  of  both  the  upper  and  the  lower  jaw  were 
covered  by  tough  corrugated  homy  plates,  of  peculiar  structore, 
which  assisted  in  the  process  of  mastication. 

With  regard  to  the  structure  of  the  palatal  and  mandibular 
laminsd,  although  their  function  was  undoubtedly  that  of  the  tritu- 
ration of  food,  Prof.  Brandt  has  shown '  that  they  are  destitute  of 
true  bony  or  dental  substance,  and  that  they  are  in  fact  indurated 
epithelium. 

Dr.  Murie  has  also  expressed  his  conviction  that  the  strongly 
ridged  palatal  plate  in  Rhyiina  is  homologous  with  that  found  in 
Manatus  and  Haltcore.  **  It  certainly/'  he  adds,  **  does  not  appear  to 
me  to  be  the  representative  of  teeth,  nor  of  the  baleen  plates  met 
vidth  in  the  true  Cetaoea."  ''The  maxillary  alveolar  ridges  are 
narrow  and  quite  behind  the  hruiaing-plate,  the  latter  occupying  the 
intermaxillary  and  not  the  maxillary  bones "  (Murie,  Trans.  ZooL 
Soc.  vol.  viiL  1872,  p.  167). 

Advantage  was  taken  of  the  loose  and  readily  separable  state  of 
the  sutures  of  the  skull,  to  make  a  careful  gelatine  mould  of  the 
brain-cavity.  The  result  is  shown  in  the  cast  exhibited  in  the  Col- 
lection, which  differs  somewhat  from  the  figure  (similarly  obtained) 
of  the  brain-cavity  of  Bhytina  taken  by  Brandt 

A  comparison  of  the  cast  of  the  brain  with  that  of  other  Sirenia 
tends  to  the  conclusion  that  the  brain  of  Bhytina  was  intermediate 
between  that  of  Halieore  and  Jdanatus.  It  is  interesting  to  observe 
that  the  brain  of  Rhyiina,  considering  the  huge  size  of  the  body  of 
the  animal,  seems  to  be  only  one-sixth  of  the  size  of  that  of  the 
living  Manatus  or  HaJicore.  This  agrees  with  Prof.  Marsh's  obser- 
vations on  the  smallness  of  the  brain  in  Tertiary  mammals,'  and  is 
strongly  favourable  to  the  very  high  antiquity  of  Bhytina.  The  plaster 
cast  of  the  brain  of  Rhytina  exhibits  traces  of  the  small  optic  nerves, 
and  of  a  very  large  fifth  hypophysis  showing  a  rounded  prominence.' 

The  bones  of  the  ear  of  Bhftina  Stelleri,  namely,  the  os  petrosum 
of  the  periotic,  with  the  tympanic  annulus,  are  preserved  on  both 
sides  of  the  skull.  On  removing  the  peat  from  the  cavity  of  the 
mid-ear,  Mr.  C.  Barlow  (the  able /orfna/or«  of  the  Geological  Depart- 
ment) discovered  the  three  small  auditory  ossicles,  namely,  the  Stapes, 
Incus  and  Malleus,  still  within  the  cavity.     They  agree  very  closely 

1  Brandt,  M^m.  Imp.  Acad.  Sci.  St.  P^terebourg,  1846,  yi.  aine,  pt  ii.  Sd. 
Nat.  vol.  ▼.  livr.  It.  pp.  1-160,  tab.  i.-T. 

*  See  Manh  in  Siliiman*8  Joornal,  **  On  the  small  die  of  Brain  in  the  Tertiary 
Mammalia,''  Srd  series,  toI.  Till.  1874,  p.  76,  ibid,  op,  eii.  toL  xiL  1876,  p.  61  and 
ToL  xxix.  1886,  pp.  190-193. 

>  Brandt,  **  SymbolsB  Sirenologicse,"  fasc.  iii.  1878,  p.  256.  Tab.  iz.  Bi^m.  de 
I'Acad.  Imp.  d.  Sc.  St.  P^tersbourg,  sir.  yii.  torn.  xii. 


Digitized  by 


Google 


Dr.  H.  JToodicard—On  the  Fossil  Sirenia.  419 

with  the  figures  given  by  Brandt,^  and  are  also  near  to  the  ossiculad 
auditus  of  the  Manatee. 

The  sternum  in  Wiyiina  is  a  rather  irregularly-shaped  bone,  not  very 
symmetrical  bilaterally ;  it  has  been  figured  by  Brandt,  and  a  portion 
of  one  is  preserved  with  the  skeleton  now  in  the  British  Museum. 
It  is  a  much  thioker  and  stronger  bone  than  the  sternum  of  the 
Manatee,  but  is  similar  in  form. 

The  scapula  is  somewhat  convex  externally,  the  inner  concave 
face  fitting  closely  against  the  anterior  ribs  to  which  it  was  attached ; 
the  spinous  process  of  the  scapula  is  strongly  developed.  The  glenoid 
cavity  is  deep  and  circular  and  well  fitt^  to  the  rounded  head  of 
the  humerus ;  the  humerus  is  short  and  very  stout ;  the  radius  and 
ulna,  which  are  also  short,  are  anohylosed  together  at  both  extremi- 
ties and  incapable  of  any  rotatory  motion ;  the  olecranon  is  strongly 
produced  and  curved,  showing  that  the  fore  arm  as  well  as  the 
humerus  had  considerable  free  lateral  movement  for  the  act  of 
swimming. 

The  carpal  bones  and  digits  of  the  manus  of  Rkytina  are  unknown ; 
the  digits  were  probably  five,  as  in  Manaiw  and  Halicore,  but  the 
thumb  in  the  latter  is  rudimentary.  Externally  viewed,  the  fore 
limb  in  Bhyiina  was  fin-like,  with  no  separate  digits  or  nails  visible; 
but  Steller  describes  their  extremities  as  thickly  covered  with  short 
bristly  hairs. 

The  skeleton  is  remarkable  for  the  massiveness  of  the  bones, 
especially  the  great  density  of  the  ribs,  which  have  the  hardness  of 
ivory.  This  extreme  density  of  the  ribs  is  a  character  also  shared  by  the 
modern  Manatee  and  Dugong,  and  by  the  extinct  Halitkerium  and 
Fehinotherium.  There  is  a  general  absence  of  medullary  cavities  in 
the  bones. 

The  great  specific  gravity  of  the  bones  no  doubt  assisted  these 
animals  in  keeping  their  bodies  sunk  beneath  the  surface  of  the 
shallow  waters  in  which  they  dwelt  whilst  feeding  upon  the  marine 
v^etation  upon  which  they  wholly  subsisted. 

Although  the  normal  number  of  cervical  vertebrsd  maintained  in 
the  Mammalia  is  usually  seven,  yet  some  variations  are  met  with,  as, 
for  example,  in  the  ''  American  Manatee,"  which  has  only  six.  Con- 
versely in  Bradypus  the  number  of  the  cervical  vertebr»  is  increased 
to  eight  or  nine.  This  is  explained  by  the  fact  that  the  thoracic 
vertebr»  in  Bradypus  pass  into  the  ceryical  region,  while  the 
diminution  to  six  in  Cholcepus  and  in  the  American  Manatee  is 
similarly  explained  by  the  complete  development  of  the  rib  of  the 
seventh  cervical  vertebra. 

Bhytina  has  been  described  by  Steller  as  only  possessing  six 
cervical  vertebrsB,  like  the  Manatee ;  but  Brandt  correctly  gives  the 
number  as  seven,  and  the  specimen  now  in  the  Museum  confirms 
this  determination. 

»  Brandt,  "  Symb.  Siren."  Fasc.  iL  pp.  8-10,  Tab.  ii.  figs.  11-20.  M6m. 
Acad.  Imp.  Sci.  St.  P^tersboure,  86r.  vii.  1861.  See  also  Clandius  **  On  tbe 
Organs  of  Hearing  in  J^Ay^tna,'^M6m.  Acad.  Imp.  Sci.  St.  P^teisbonrg,  1867, 
ToC  xi.  No.  6,  2  plates. 
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Tbe  atlas-  and  azis-vertebrsB  in  Bhylina  are  fairly  robust,  and  the 
atlas  is  as  broad  as  the  second  dorsal  vertebrsa ;  but  the  five  re- 
maining cervical  vertebrae,  although  quite  free,  are  thin  and  plate- 
like, as  in  the  Oetaoea  proper.  But  the  Sirenia  are  distinguished 
from  the  true  Whales  by  their  capability  of  moving  the  bead  from 
side  to  side,  and  up  and  down,  by  means  of  the  "  odontoid  process  " 
of  the  axis  vertebra  on  which  the  head  rotates.  In  the  Cetacea,  in 
which  the  cervical  vertebrae  are  anchylosed  together  to  a  greater  or 
less  extent,  and  the  neck  is  consequently  immovable,  the  odontoid 
process  is  also  wanting. 

As  the  Sirenia  spend  their  whole  lives  browsing  upon  the  Xamt- 
narioB  and  other  Algae  and  aquatic  plants,  this  power  to  move  the 
short  neck  pretty  freely  must  be  essential  to  them  both  in  feeding 
and  also  in  putting  up  their  heads  to  breathe. 

The  number  of  vertebrae  attributed  to  the  Sirenia,  both  of  living 
and  extinct  genera,  is  very  variable  according  to  different  authors. 
Prof.  Brandt  attributed  to  Bhytina  7  cervicals,  19  thoracic  or  dorsal 
vertebrae,  and  from  34  to  37  lumbar,  sacial,  and  caudal.  The 
cervicals  and  dorsals  are  readily  determined ;  but,  as  none  of  the 
vertebrae  are  anchylosed  together  to  form  a  sacrum,  it  is  a  matter  of 
some  difficulty  to  decide  which  are  lumbar  and  which  are  sacral 
vertebrae. 

Not  only  does  anchylosis  never  occur  in  the  vertebrae  of  the  Sirenia, 
but  the  flat  ends  of  the  centra  of  the  vertebrae  do  not  ossify  separately 
so  as  to  form  dish-like  epiphyses  in  the  young  state,  as  is  commonly 
the  case  in  all  the  other  Mammalia. 

Brandt  indicates  the  7th  vertebra  beyond  the  last  of  the  dorsal 
or  thoracic  series  as  bearing  the  rudimentary  pelvis;  but  as  the 
vertebrae  are  never  anchylosed  to  form  a  sacrum,  we  can  only  con- 
jecture (by  noticing  a  slight  prominence  upon  the  posterior  border 
of  the  extremely  wide  transverse  processes)  which  of  these  lumbar^ 
sacral  vertebrae  seem  marked  as  sacral,  probably  about  the  5th,  6th, 
and  7th.  The  13  vertebrae  next  behind  the  dorsal  series  may,  from 
their  size  and  their  wider  and  longer  transverse  processes,  be  con- 
sidered lumbar  and  sacral,  and  the  21  following  vertebras  as  caudal ; 
about  6  or  8  of  the  most  anterior  of  the  latter  had  small  y-^^c^P^ 
chevron  bones  or  haemal  arches  attached  to  them  in  the  St  Petersburg 
specimen. 

The  transverse  processes  in  the  caudal  series  are  much  smaller, 
thicker,  and  shorter,  and  are  directed  obliquely  backwards. 

There  is  a  marked  variation  in  the  form  and  size  of  the  neural 
arch  and  the  centrum  of  the  several  vertebrae  in  the  spinal  column* 
from  before  backwards.  The  anterior  dorsal  vertebrae  have  each 
a  small  compressed  centrum,  much  broader  than  deep ;  the  neural 
arch  is  triangular,  the  neural  spine  erect. 

From  the  6th  to  the  8th  dorsal  the  centra  are  longer  and  oordiform, 
and  the  neural  canal  is  smaller  and  more  rounded  :  the  neural  spine 
bends  backwards,  and  the  zygapophyses  are  more  prominent 

The  lumbar  vertebrae  are  much  dilated  laterally,  the  centra  being 
nearly  three  times  as  broad  as  deep.     The  neural  canal  is  reduced 
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in  size,  and  the  neural  spine  is  moderately  large ;  but  the  transverse 
processes  are  very  flat  long,  broad  and  straight,  being  in  relation 
to  the  centrum  as  5  to  1. 

The  centra  of  the  caudal  vertebrae  are  rounder,  the  transverse 
processes  are  short  and  stout  and  bent  backwards ;  the  neural  canal 
is  reduced  to  a  very  small  size,  and  the  neural  spine  gradually  dis- 
appears. 

The  11th  to  16th  thoracic  or  dorsal  vertebrsB  have  irregularly 
developed  hypapophyses  on  the  ventral  surface  of  their  centra. 

There  are  19  pairs  of  ribs  in  Bhytina,  probably  not  more  than 
two  pairs  of  which  were  articulated  to  the  sternum.  The  1st  and 
2nd  pairs  are  short  and  much  compressed  laterally,  the  third  and 
following  are  round  and  very  massive,  and  increase  in  curvature 
and  length  up  to  the  12th,  when  they  gradually  become  shorter  and 
less  curved,  the  19th  being  quite  rudimentary. 

The  ovoid  visceral  cavity  thus  inclosed  within  the  bony  walls  of 
the  ribs  is  of  vast  dimensions ;  and  one  realizes  readily  the  statement 
that  a  full-grown  male,  covered  with  its  integument  and  flesh, 
weighed  as  much  as  8^  tons. 

This  large  number  of  rib-bearing  vertebrae  in  the  Sirenia  is  only 
equalled  in  Elephas  and  Bhinoceros,  and  only  exceeded  in  Dendro- 
hyrax  (which  has  22  costal  vertebrae),  thus  affording  an  interestiug 
point  of  analogy  in  Bhytina  to  the  Ungulata. 

Another  point  of  comparison  is  observable  in  the  teeth  in  Manatua 
and  Halitherium,  which  have  a  most  remarkable  i*esemblauce  to  the 
molars  in  Hippopotamus,  Mastodon,  and  the  Suidae. 

Dr.  Murie  strongly  insists  upon  the  dermal  characters  as  offering 
a  further  close  resemblance  between  Hianatus  and  Elephas.  The 
short  (rudimentary)  nasal  bones  and  the  prolonged  premaxillaries. 
with  their  tusk-like  incisors,  afford  additional  points  of  resemblance 
with  the  Proboscidea. 

The  Sirenia  pass  their  whole  life  in  the  water,  being  denizens  of 
shallow  bays,  estuaries,  lagoons,  and  large  rivers ;  but  they  never 
venture  far  away  from  the  shore.  Their  food  consists  entirely 
of  aquatic  plants,  upon  which  they  browse  beneath  the  surface,  as 
the  terrestrial  herbivorous  mammals  feed  upon  the  green  pastures 
on  land. 

When  Steller  came  to  Behring*s  Island  in  1741,  the  Sea-cows 
pastured  in  the  shallows  along  the  shore,  and  collected  in  herds  like 
cattle.  As  they  fed,  they  raised  their  heads  every  four  or  five 
minutes  from  below  water  in  order  to  breathe  before  again  descending 
to  browse  on  the  thick  beds  of  sea-weed  which  surround  the  coast.^ 

1  My  coUeagae,  Mr.  William  Carrnthen,  F.B.S.,  F.G.S.,  Keeper  of  tiie  Botanical 
Departanent,  mfonng  me  that  the  large  sea-weeds  called  Laminaria  grow  in  water  at 
or  just  below  low-water;  they  are  natritioos  and  are  eaten  by  animals.  They 
abound  in  the  North  Pacific  Ocean.  Buprecht,  in  his  account  of  the  Algss  of  the 
North  Pacific,  records  eight  species  of  these  large  weeds  growing  in  the  Sea  of 
Ochotsk,  on  the  shores  of  Xuntschatka,  and  the  north  of  North  America.  He 
adds: — **When  I  went  to  see  the  Coniferous  trees  at  Monterey,  California,  last 
autumn,  I  was  surprised  at  the  magnitude  and  quantity  of  the  Fuci  and  LaminaruB 
thrown  up  on  the  coast" 
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They  were  observed  by  him  to  be  gregarious  in  their  habits,  slow 
and  inactive  in  their  movements,  and  very  mild  and  inoffensive  in 
their  disposition.  Their  colour  was  dark  brown,  sometimes  varied 
with  spots.  The  skin  was  naked,  but  covered  with  a  very  thick, 
hard,  ru^ed,  bark-like  epidermis,  infested  by  numerous  parasites. 
One  of  these,  the  Cyamus  Bhytina,  has  been  described  and  figured  by 
Prof.  Brandt.' 

When  full-grown,  they  are  said  to  have  sometimes  attained  a  length 
of  35  feet  and  a  weight  of  3  or  4  tons. 

Like  most  of  the  Herbivora,  they  spent  the  chief  part  of  their 
time  in  browsing.  They  were  not  easily  disturbed  whilst  so  occu- 
pied, even  by  the  presence  of  man.  They  entertained  great  attach- 
ment for  each  other ;  and  when  one  was  harpooned,  the  others  made 
incredible  attempts  to  rescue  it.  They  were  so  heavy  and  large  that, 
Steller  records,  Uiey  required  40  men  with  ropes  to  drag  the  body  of 
one  to  land. 

If  we  compare  the  extinct  Bhytina  with  the  existing  forms  of  Sea- 
Sirens,  we  shall  see  that  it  approaches  most  nearly  to  the  Dugong 
(HaUcore),  which  when  adult  has  only  one  pair  of  incisors  left  in  the 
upper  jaw,  and  two  (rarely  three)  molars  on  each  side  above  and 
below,  making  14  teeth  in  all. 

But  adding  the  milk-dentition,  we  have  in  Halicore : — 

1-1  8—8 

Milk-dentition      \  3—3  3—3 

I  Incisors.  Molars.  3^3 

Permanent  teeth )  inl  ?z:?  rarely  3:13 

0—0  2—2 

The  teeth  in  Halicore  are  more  or  less  cylindrical ;  the  incisors,  in 
their  form  and  wear,  resemble  those  of  the  Hippopotamus.  The  last 
molar  is  compressed  laterally,  giving  the  crown  a  figure-of-eight 
shape  ;  but  there  is  no  distinction  into  root  and  crown.  The  sum- 
mits of  the  crown  are  tuberculated  before  wearing ;  afterwards  they 
are  flattened  or  slightly  concave. 

After  the  milk  incisor-teeth  of  Halicore  are  shed,  their  alveoli, 
along  the  anterior  half  of  the  mandible,  are  covered  over  with  a  thick 
homy  epithelium,  which  serves  in  the  adult  as  a  bruising-plate  in 
lieu  of  the  anterior  teeth,  as  is  the  case  in  Bhytina. 

In  Manatus  senegalensis  the  only  milk-teeth    present  are    the 

incisors,   |~~.,  which  speedily  disappear;  but  the  molars tmiount  to 

21 21         •*■""■ 

^^_.  =48  in  all.    The  upper  molars  have  two  ridges  and  three 

roots  ;  the  lower  mandibular  series  have  an  additional  posterior 
ridge  or  talon,  and  only  two  fangs. 

The  teeth  drop  out  in  front,  and  are  renewed  from  behind  as  in 
the  Proboscidea. 

This  extreme  variation  in  the  number  of  the  teeth  from  2  (milk* 
incisors)  in  Bhyiina,  to  48  teeth  in  Manatus,  is  exactly  paralleled  in 

1  "Ci/atHut  Ithytinmr  M^m.  Acad.  St.  P^tersb.  1871,  vol.  xvil  No.  7;  and 
Ann.  and  Mag.  Nat.  Hist.  1872,  pp.  306-313. 
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the  Cetacea,  in  which  we  have  many  edentulous  species  (BalsBnidsB) ; 
others  with  only  two  teeth  present  (Ziphioid  Whales) ;  others  again 
with  very  numerous  teeth  (Delphinidae). 

All  the  earlier  voyagers  confounded  the  Southern  Sirenia  with  the 
Seals,  and  the  Bhytina  with  the  Morse  or  Walrus.  In  1811,  Illiger 
separated  the  three  genera — Manatm^  Halicorey  and  Bhytina,  under 
the  name  Sirenia,  and  placed  them  between  the  Seals  and  the 
Cetacea.  They  are  now  placed  by  Prof.  Flower  and  other  naturalists 
between  the  Ungulata  and  the  Cetacea. 

The  following  conclusions  in  reference  to  the  Geographical  Dis- 
tribution of  the  order  Sirenia.  appear  to  be  worthy  of  the  special 
attention  of  geologists  and  palseontologists. 


Fio.  3.— Map  iilustratmg  the  Oeographieal  Distribution  of  the  order  Sirenia. 
A  A,  line  of  extreme  Northern  distribution  of  the  Sulbkia  in  Tertiary  times. 
£B.  to  CO,  Limits  of  distribution  of  existing  species  of  Sirenia. 

If  we  take  the  belt  of  the  tropics,  that  is,  23i°N.  and  23  J°  S.  of 
the  equator  (or,  better  still,  say  SOP  N.  and  S.  of  the  equator),  we 
shall  embrace  the  geographical  area  of  aU  the  living  Sireniane, 

If  we  take  another  belt  of  30°  North  beyond  the  tropic  of  Cancer, 
we  shall  embrace  the  whole  geographical  area  in  which  fossil  remains 
of  Sirenians  have  been  met  with. 

Assuming,  as  I  think  we  may,  that  the  Sirenia  at  the  present  day 
belong  exclusively  to  the  tropical  regions  of  the  earthy  and  that  Rhytina^ 
in  its  boreal  home,  was  simply  a  surviving  relic  from  the  past  (a 
sort  of  geological  **  outlier,*'  as  of  a  stratum  elsewhere  entirely  denuded 
away),  we  must  conclude  that  the  presence  of  about  12  genera  and 
27  species  of  fossil  Sirenia,  as  widely  distributed  then  as  the  recent 
forms  are  at  the  present  day,  but  with  a  range  from  the  tropic  of 
Cancer  up  to  60°  of  north  latitude^  affords  a  most  valuable  piece  of 
evidence   (if  such  were   needed),  attesting  the  former   northern 
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extenBion  of  sabtropioal  conditions  of  olimate  which   mast  have 

Srevailed  over  Europe,  Asia,  and  N.  America,  in  Eocene  and 
[iooene  times  and  in  the  older  Pliocene  also. 
The  early  appearance  of  so  highly  modified  a  form  of  mammal,  its 
abundance,  wide  distribution,  and  yariations,  serve  to  attest  the  great 
lapse  of  time  occupied  in  the  accumulation  of  even  our  later  Tertiary 
deposits,  which  we  are  sometimes  apt  to  pass  over  as  representing 
but-a  very  brief  chapter  in  the  geological  history  of  our  earth  ;  and 
further,  it  must  necessitate  our  carrying  back  the  Mammalian  class 
not  only  far  back  into  Secondary,  but  probably  even  into  Palsdozoic, 
times. 

The  following  is  a  List,  with  their  distribution,  of  the  existing 
species  of  the  order  Sibknia.* 
Manatui  temffalentiSf  Desmarest  (the  African  Manatee),  inhabiting  the  west  coast 

of  Africa  from  abont  16°  N.  to  10°  S.  lal,  with  the  riTers  Sen^al  and  Congo, 

and  as  far  into  the  interior  as  Lake  Tchad ;  and,  according  to  native  aocounts,  to 

the  Rirer  Eeebaly,  2r  £.  long. 
Manatui  latiroetrii^  Harian  (the  West  Indian  Manatee),  inhabiting  the  creeks, 

lagoons,  and  estnaries  of  the  West  Indian  Islands  and  coast  of  Florida. 
Manatui  amerieanut  (the  Brazilian  Manatee),  iohabiting  the  coast  as  &r  south  as 

about  20°  S.  lat,  and  the  great  riyers  Amaion  and  Orinoco,  almost  as  high  as 

their  sonroes. 
Salieore  tabemaeuli  (the  Dugong),  inhabiting  the  Red  Sea  and  the  East  Coast  of 

Africa. 
Ealieor$  dugong^  inhabiting  the  Indian  Sea,  Ceylon,  Bay  of  Bengal,  Indo-Malayan 

Archipelago,  and  Philippine  Islands. 
Ealieore  auttralii,  the  coasts  of  Eastern  and  North  Australia. 

In  addition  to  the  fossil  genera  met  with  in  Europe,  we  have  the 
Prorastomus  sirenoides  of  Owen  (already  referred  to)  occurring  in 
the  West  Indies ;  a  form  of  Sirenian  having  important  differences 
in  dentition,  by  which  to  separate  it  from  the  now  living  Manati. 
Three  other  species  occur  in  the  Tertiary  beds  of  South  Carolina ; 
and  a  doubtful  form  in  the  deposits  of  Darling  Downs,  Queensland, 
Australia. 

Lastly,  there  is  the  great  extinct  Bhytina  of  Beh ring's  Island. 
We  have,  then,  at  the  present  day  living  in  America,  Africa,  India, 
and  N.E.  Australia,  two  genera  and  six  species  of  Sirenia ;  and  in 
Europe,  Asia,  Africa,  and  America,  13  genera  and  30  species  of 
extinct  Sirenians. 

List  of  Fossil  Sibbnia,  with  thxir  Formations  and  Looalitiks  :— 

Chirothirium  subapenninum^  Bruno,  1839.     Pliocene  :  Piedmont. 

Chronozoon  austraUy  C.  W.  de  Vis.     Pliocene :  Darling  Downs,  N.   S.  Wales. 

(cast  of  the  catvarium  only). 
Crassithemtm  robustum^  Van  Beneden.     Pliocene  :  Belgium. 
Diploiherium  ManigaulH^  Cope.    Miocene  ? :  S.  Carolina. 
Eotherium  agyptiacum^  Owen.     Eocene  ? :  Mokattam,  Cairo. 
Felsinoiherium  Forestiiy  Capellinl,  1872.     Pliocene  :  Riosto,  Bologna. 
Gervaisiiy  Capellini,  1872.     Pliocene  :  Siena. 

^  Dr.  J.  Mnrie,  F.L.S.,  who  has  specially  studied  this  group,  has  expressed  his 
opinion  to  the  writer  that  there  are  probahly  only  two  distinct  species  of  Haliewe 
and  Manatut  liring  at  the  present  day  ;  and  that  the  large  number  of  fossil  species 
described  are  probaoly  also  capable  of  being  reduced  at  most  to  two  or  three  genera 
and  species. 
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HaliiheriuM  Serresiiy   Gervais.    Pliocene :   Montpellier ;   d'Estr^  (Bouches-du- 
Rhdne). 

fossiliy  Cuv.  sp.  Miocene  :  St.  Maure,  Loire;  Angers,  Rennes,  Morbihan. 

Beaumontii^  Christol,  sp.    Miocene  :  Beaucaire,  Gard. 

Guettardiiy  de  Blainv.     Miocene? :  Etr^hy  (Seine),  etc. 

sp. 

— —  dubium^  Cuv.    Eocene :  Blaye,  Gironde. 
— —  bdlunense^  ^^€i!^>  '^75*     Miocene  :  Belluno,  Venetia. 
— ^—  angusti/ronSfZ'ignOf  1 875.     Miocene:  Belluno. 
— — ^  cunndtns,  Zigno,  1875.    Miocene  :  Belluno. 

verontnsey  Zigno,  1875.    Miocene:  Belluno. 

'  Sc/tinMi,  Kaup,  1855.     Miocene  :  Darmstadt ;  Miocene  :  Malta. 

'  CanAami,  Flower.     Crag  (derivative)  :  Suffolk. 

— —  Cuvuf%  Owen.     Miocene  :  Montpellier. 

sp.,  Van  Beneden.     Miocene  ("  Bolderian  ") :  Elsloo,  near  Maestricht. 

{Chiroth€ri$4m)  Brocchiiy  Bruno  (Owen,  cit,),     Miocene :  Herault. 

sp.,  Zigno.    Miocene  :  Chalaif^  Isthmus  of  Suez. 

Hemicaulodon effodiens^  Cope.     Eocene  :  Shark  River,  New  Jersey,  U.S. 
Manatus  Couhmbu  Filhol  (1878)  (named  after  M.  Coulomb,  the  discoverer).     From 

the  Eocene  ?  Quarries,  Mokattam,  near  Cairo  (founded  on  three  teeth  of  lower 

jaw  like  the  Manatee). 

inomatusy  Leidy.    Miocene  ?  :  Phosphate  beds,  South  Carolina. 

Pachyacanihus  tr achy spondy Ins ^  Brandt  ftn  part).  Van   Beneden,   etnend.y   1875. 

Miocene :  Nussdorf,  near  Vienna.     (Based  on  vertebrae  and  ribs  of  a  Sirenian.) 
Prorastomus  sirenoideSy  Owen.     Tertiary  :  Jamaica. 
Rhytina  gigasy  Zimmermann  (Geograph.  Gesellsch.  1780).  Pleistocene  :  Behring's 

Island,  e  Rhytina  Stelleriy  Desmarest,  1819. 
Rhyiiodus  Capgrandiy  LarteL     Pliocene  :  Basin  of  the  Garonne. 
TrachythenuM  Raulini^  Gervais.    Miocene  :  La  R^le,  Gironde. 


V. — Note  on  thb  Genus  Stenothboa. 
By  Gborob  F.  Matthbw,  of  St.  John's,  New  Brunswick. 

AS  facts  relative  to  the  earliest  forms  of  Molluscs  are  of  interest 
to  the  naturalist  as  well  as  the  geologist,  I  offer  this  note  on 
the  genus  Sieaoi\eca^  derived  from  a  study  of  the  remains  of  several 
species  occurring  in  the  Cambrian  rocks  of  Canada.  The  formation 
in  which  they  are  found  is  the  St-John  Group,  a  formation  occurring 
in  the  Southern  part  of  the  Province  of  New  Brunswick ;  and  the 
geological  horizons  are  those  of  the  Solva  and  Menevian  Groups 
of  Wales,  equivalent  to  the  ParadoxideS'Ttueni  beds,  and  overlying 
measures  of  £tage  1,  of  the  Norwegian  geologists.  The  fossils  are, 
therefore,  of  great  antiquity,  having  preceded  any  known  Lamel- 
libranchs;  and,  except  the  Metopioma  Barrandei  of  Linnarsson, 
I  know  of  no  Gasteropods  of  equal  antiquity. 

The  genus  Stenotheca  was  proposed  in  1872  by  Dr.  Henry  Hicks, 
to  include  a  minute  corrugated  shell  found  in  the  Menevian  Group 
of  Wales.  It  is  described  by  Dr.  Hicks  as  *'  a  curved  shell  " — 
'<  a  small  wide  form,  with  lines  of  growth  strongly  marked  on  its 
surface.''  The  genus  is  represented  in  Division  Id  of  the  St.-John 
Group  by  several  small  compressed  species,  none  of  which  appear  to 
be  identical  with  St.  comucopiay  the  type  of  the  genus. 

Dr.  Hicks  places  this  genus  in  the  Pteropods  (Quart  Joum.  Geol. 
Soc.  May,  1875,  p.  192).  If  I  am  right  in  referring  our  shells  to  his 
genus,  there  seem  to  be  features  which  indicate  greater  affinities  to 
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the  Heteropods  and  Gasteropods ;  but  the  order  to  whioh  these  fossils 
should  be  referred  is  still  doubtful,  and  must  await  farther  knowledge. 
The  little  sheUs  of  this  genus  found  at  St.  John  are  always  inequi- 
lateral, and  usually  present  a  carina  at  the  posterior  (?)  end,  and  not 
unfrequently  at  both  ends.  Among  recent  Molluscs,  Carinaria  and 
Atlanta  are  the  forms  which  appear  to  come  nearest  to  the  species 
under  consideration.  In  general  outline  the  fossils  are  nearest  the 
former  genus,  but  in  their  compressed  forms  they  remind  one  of  Uie 
latter;  from  both,  however,  they  differ  in  the  straight,  or  nearly 
straight  apex,  and  in  the  arrangement  of  the  lines  of  growth  on  the 
shell.  They  resemble  these  genera  in  that  the  majority  of  the 
species  have  a  keel  along  the  back,  and  it  seems  probable  also  that 
in  some  of  the  species  the  shell  consisted  of  two  lateral  plates 
imperfectly  connected  along  the  back,  for  the  two  sides  are 
occasionally  found  detached,  and  one  pushed  past  the  other.  The 
apex  of  two  out  of  the  five  species  in  the  St-John  Group  is 
known,  and  does  not  show  any  tendency  to  a  coiled  form,  as  in 
Carinaria,  Atlanta,  or  any  other  Heteropods,  with  which  these  fossils 
may  be  compared.  Among  certain  genera  of  Grasteropods,  however, 
as  Bentalium,  Parmophorus,  and  Patella,  similar  apices  may  be 
observed.  These  Stenotheea  appear  to  have  been  denizens  of  the 
open  sea,  and  have  only  been  found  in  the  fine  dark  shales  of 
Division  Id,  or  about  the  horizon  of  the  Menevian  Group  of  Wales. 

In  the  measures  of  Division  lo  containing  a  fauna,  the  forms 
of  which  resemble  those  of  the  Solva  Group,  is  a  species  of  Mollusc, 
which,  although  agreeing  with  the  typical  Stenothec^e  of  Division  1(2, 
shows  important  points  of  difference.  This  species,  originally 
described  as  Discina  Acadica  by  Prof.  C.  F.  Hartt,  exhibits  relations 
with  Metoptoma  (?)  rugoaa  of  the  Trenton  limestone;  it  is  much 
larger  than  the  true  Stenotheea,  and  is  preserved  in  a  different 
attitude  in  the  shales.  The  Stenotheea  are  flattened  on  the  vertical 
plane  of  the  shell ;  but  this  species  is  found  compressed  horizontally, 
or  parallel  to  the  aperture ;  nevertheless,  in  their  younger  stages  of 
growth  these  larger  Stenotheea  show  a  tendency  to  oollapse  laterally, 
in  this  resembling  the  small  shells  of  the  overlying  measures  ;  in 
general  form,  also,  as  well  as  in  the  way  in  which  additional  con- 
centric ridges  are  inserted  at  the  back  of  the  shell,  these  conform  to 
their  congeners  in  the  horizon  above. 

Except  for  the  absence  of  an  involute  apex,  these  shells  are  not 
unlike  Carinariopeia  carinata,  Hall,  of  the  Trenton  formation ;  they 
are  compressed  near  the  apex  in  a  manner  similar  to  that  species, 
and  expand  rapidly  toward  the  aperture ;  but  the  arrangement  of  the 
lines  of  growth  or  surface-markings  is  quite  different,  and  comparable 
with  that  of  Metoptoma  (?)  rttgoaa,  Hall.  Our  shells,  however,  are 
not  Metoptoma,  since  they  are  not  tinincated  at  the  side  beneath  the 
apex,  as  are  those  of  the  Carboniferous  genus  Metoptoma.  These 
patelloid  Stenotheea  lived  in  shallow  seas  near  the  coast -line,  if  one 
may  judge  from  the  species  of  other  genera  associated  with  them. 

St.  John,  N.B.,  Ibth  Jun$,  1885. 
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NonoE  OF  A  KKw  LiMULon)  Orustaoean   fbom  the   Dbyonian.* 
By  Henbt  Shalea  Williams,  of  the  Cornell  University. 

AMONG  the  fossils  oolleoted  last  summer  for  a  comparative  study 
of  the  Devonian  faunas,  an  interesting  form  was  discovered  in 
Erie  County,  Pennsylvania,  worthy  of  special  notice. 

The  specimen  was  found  in  a  bluish  sandstone  (which  in  places  is 
a  fine  pebbly  conglomerate)  at  Le  Bceuf  called  the  "  3d  oil-sand,"  by 
Mr.  I.  C.  White,  in  the  Report  Q  4  of  the  Second  Geological  Survey 
of  Pennsylvania  (p.  239),  and  regarded  by  him  as  the  equivalent  of 
the  third  oil-sand  of  the  Venango  oil-district  of  that  State.  In  the 
same  stratum  and  above  it  are  typical  Chemung  fossils. 

It  oocurs  just  at  the  junction  between  the  sandstone  and  a  stratum 
of  soft,  fine  argillaceous  shale,  and,  in  the  process  of  weathering, 
the  fine  shale  has  been  washed  away,  leaving  a  sharply-defined  cast 
of  the  fossil  in  hard  sandstone,  though  no  portion  of  the  original 
orust  is  preserved. 

The  associated  species  are  Spirt/era  Vemeuilii,  Murch.  (=  8p, 
digjuncta.  Sow.),  Bhynchonella  contraeta,  Hall ;  and  in  the  shales  just 
above  the  sandstone  occur  Chonetes  scittda,  Hall,  '*  Chonetes  "  muricata, 
Hall,  an  Amboccelia  umbonaia,  Hall,  a  small  Productus  of  the  type 
of  Hall's  ProducteUa  Boydii^  the  ooarse  ribbed  Orthis  Leonensis,  Hall, 
and  a  Bhynchonella  agreeing  with  some  of  the  wider  forms  of  B. 
sappho,  Hall. 

The  fauna  is  the  characteristic  Upper  Chemung  fauna  of  western 
New  York  and  adjacent  area.  In  this  area  some  of  the  species  occur 
among  the  earliest  Chemung  species ;  no  characteristic  Carboniferous 
types  have  been  detected.  The  founa  may  be  considered,  therefore, 
as  a  pure  Devonian  fauna. 

The  general  form  and  structure  of  the  specimen  place  it  among  the 
Mebostomata  with  anchylosed  thoracico-abdominai  segments,  but  as 
only  the  under  side  is  exhibited,  its  identification  with  Frestwichia 
must  be  regarded  as  provisional,  since  we  are  ignorant  of  the  struc- 
ture of  the  under  surface  of  authentic  members  of  that  genus. 

I  propose  as  a  name  for  it,  Prestwichia  Eriensis,  sp.  nov. 

The  following  characters  exhibited  by  the  specimen  are  regarded 
as  generic  and  as  locating  it  in  the  genus  Prestwichia  of  Woodward. 
(1),  the  elliptical  head-shield;  (2),  the  genal  spines  which  proceed 
backward  more  directly  than  in  any  described  species  of  the  genus ; 
(3),  the  thoracico-abdominai  segments  anchylosed  to  form  a  buckler, 
to  which  is  attached  (4)  a  long  telson.  The  general  outline  of  the 
whole  animal  resembles  that  of  the  modem  Limulus. 

The  evidence  of  a  solid  thoracico-abdominai  buckler  is  found  in 
the  continuous  surface  across  the  body,  from  which  proceed  four 
(visible)  short  marginal  spines  each  side  the  telson,  and  upon  which 
are  seen  at  least  eight  narrow  ridges  running  longitudinally  to  near 
the  margin. 

The  remaining  characters  may  be,  in  part,  of  generic  value,  but 
^  SiUiman's  American  Joum.  of  Sd.  toI.  xxx.  July,  1886,  p.  45. 


Digitized  by 


Google 


428  Notices  of  Memoirs— E.  8.  Williams—On  a  Fossil  Limuks. 

they  constitute  the  distinctive  characters  of  the  species,  as  far  as 
these  can  be  made  out  from  the  specimen. 

The  under  side  of  the  body  presents  three  well-defined  tracts, 
Tiz.  the  cephalic  shield,  which  is  evenly  rounded  in  front,  and  is 
laterally  prolonged  backwai*d  into  two  genal  spines,  which  are 
nearly  parallel  with  the  axis  of  the  body,  and  reach  nearly  to  a 
point  opposite  the  posterior  margin  of  the  buckler.  The  cephalic 
shield  along  the  median  line  is  about  a  third  the  length  of  the  body ; 
the  space  between  the  posterior  margin  of  the  oephalic  shield  and 
the  anterior  margin  of  the  buckler,  containing  the  region  of  the 
mouth  and  the  gnathopods,  and  the  thoracico-abdominal  buckler, 
marked  over  the  surface  by  longitudinal  ridges,  and  by  marginal 
spines,  and  terminating  in  a  long  stout  telson.  Traces  of  the 
gnathopods  are  seen,  as  also  traces  of  the  foliaoeous  appendages  of 
the  posterior  feet,  but  in  too  imperfect  condition  for  exact  delineation. 
Just  anterior  to  the  position  of  the  month  is  seen  a  shield-like 
elevation  upon  the  edge  of  the  cephalic  shield,  which  has  the 
appearance  of  an  hypostoma.  The  condition  of  the  specimen  is  not 
such  as  to  give  absolute  certainty  to  this  interpretation,  though  the 
symmetry  of  its  form  is  strongly  in  favour  of  it.  It  is  possible  that 
it  is  merely  outlines  upon  the  surface,  produced  by  crushing  during 
fossilization.  There  are  faint  indications  of  joints  on  ea<^  of  the 
anterior  set  of  gnathopods. 

Along  the  centre  of  the  thoracic  region,  there  is  a  flattened 
depression,  traversing  longitudinally  from  the  anterior  edge  of  the 
plate,  backward  to  the  middle  of  the  telson. 

The  terminal  portion  of  the  telson  is  evenly  rounded.  Each  side 
of  the  median  line  of  the  buckler  there  are  visible  fonr  clearly- 
defined  marginal  spines ;  there  were  probably  more  of  them — six, 
I  have  supposed,  but  concealed  in  the  specimen  by  the  filling 
between  the  buckler  and  genal  spines. 

There  are  also  four  rounded,  longitudinal  ridges  on  the  buckler 
each  side  of  the  flattened  depression ;  these  begin  abruptly  near  the 
anterior  margin  of  the  buckler,  and  run  almost  directly  backwai*ds, 
tapering  to  a  slender  point  near  the  margin  of  the  buckler. 

At  the  anterior  margin  of  the  buckler  is  a  narrow  plate,  divided 
into  a  median  and  two  lateral  parts,  which  appears  to  be  separated 
from  the  buckler  itself  by  a  distinct  furrow.  Laterally  this  plate 
appears  to  curve  inwards  and  lies  below  (within)  the  surface  of  the 
buckler,  and  the  median  portion  extends  forward  to  a  blunt  point 
I  have  interpreted  this  as  probably  representing  the  consolidated 
lamellar  appendages  of  the  **  first  and  second  "  thoracic  segmenta  of 
Eurypterus  as  defined  by  Hall  in  Palaeontology  of  New  York  (voL 
iu.  p.  398).i 

The  telson  is  nearly  two-thirds  the  length  of  the  body,  is  flattened 
at  the  base,  but  nearly  cylindrical  and  tapering  to  a  blunt  point  at 
the  extremity. 

^  If  these  indications  are  the  remains  of  lamellar  appendages,  they  are  like  those 
of  Limultu,  and  may  he  compared  with  the  generative  plate  and  branchigerous 
thoracic  appendages  of  the  Xiphosuba.  ~H.  W . 
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Above  are  given  all  the  obaraoiers  of  wbicb  tbe  specimen  presents 
any  reasonable  suggestion.  I  have  ventured  to  put  an  interpreta- 
tion upon  some  of  tbe  cbaraoters  for  wbicb  tbe  evidence  is  sligbt,  in 
the  hope  that  those  possessing  specimens  of  any  kindred  forms  may 
throw  light  upon  this  one  by  confirming  the  interpretation  here 
given  or  suggesting  a  better  one. 
Dimensions : — 

Total  length • 10  oentim^trw. 

Greatest  width      6'7 

Length  of  telson  (about) 4*0 

Length  of  buckler  (about)  2*0 

Greatest  thickness  of  telson 0*7 

Horizon, — Chemung  Group,  Upper  Devonian  ;  tbe  "  third  oil 
sand  "  of  I.  C.  White,  2nd  Pa.  Survey. 

Locality. — Le  Boeuf,  Erie  County,  Pennsylvania. 

The  original  specimen  is  among  tbe  collections  of  tbe  U.S.  (Geolo- 
gical Survey,  and  will  be  deposited  ultimately  in  tbe  National 
Museum. 

Comments, — This  specimen  throws  back  the  known  range  of  Prest- 
wirhta,  or  at  least  the  type  to  which  this  genus  belongs,  to  an  earlier 
stage  than  heretofore  reported.  The  earliest  previously  known 
Frestwichia  occurs  in  tbe  Carboniferous. 

If  iny  interpretation  of  its  characters  be  correct,  Prestmehia  bears 
closer  relations  to  Limtdus  than  is  suggested  by  other  known  speci- 
mens, and  also  it  possesses  features  linking  it  with  Trilobites  and 
Eurypterids. 

[The  author  illustrates  his  paper  by  a  photo-engraving  from  a 
drawing,  of  P.  EriensiSt  of  tbe  natural  size,  and  two  diagrammatic 
figures  of  the  supposed  upper  and  under  surface.  The  specimen, 
although  of  great  interest,  is  too  obscure  to  permit  us  to  <kaw  any 
positive  conclusions  from  it,  save  the  fact  of  the  important  discovery 
of  a  Limuloid  Crustacean  in  rocks  of  Devonian  age  in  Pennsylvania. 
A  still  earlier  Limuloid  form  has,  however,  been  met  with  in  the 
Upper  Silurian  of  Lesmahagow,  Lanarkshire,  and  described  by  tbe 
writer  under  the  name  of  Neolimulus  faleatus,  H.  W.,  see  Geol. 
Maq.  1868,  VoL  V.  pp.  1-8,  Plate  L  Fig.  1.— H.  W.] 


»  E  V  I  E  -W  S. 


The   Pal2bontooraphioal   Society.    A    Monogbaph    of    British 
Fossil  Brachiopoda.*     By  Thos.  Davidson,  LL.D.,  F.R.S. 

WITH  tbe  present  appendix  (vol.  v.  part  iii.)  a  monumental  work 
has  been  brought  to  a  close.'  The  labours  of  Thomas  Davidson, 
LL.D.,  F.R.S.,  need  no  introduction  to  Paleontologists  of  any  part 
of  tbe  world.  Tbe  quiet  distribution  of  tbe  concluding  fasciculi 
of  tbe  '*  British  fossil  Brachiopoda "  should  not  be  allowed  to  pass 
without  notice. 

*  Science,  vol.  v.  p.  409, 1886. 

*  Th»Te  in.  we  understand,  a  Bibliography  of  the  Brachiopoda  ready  for  issue  in 
tbe  volume  lor  1886,  by  Dr.  Davidson,  wnicn  equals  tbe  work  in  its  proportions  and 
ezbaustiyeness. 
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Thirty  years  have  passed  since  the  publication  of  the  general 
introduction  to  the  first  volume  of  this  Monograph.  Goincidently 
with,  and  largely  induced  by,  its  progress,  a  vast  amount  of  precise 
knowledge  has  been  acquired  and  made  public,  in  regard  to  all  that 
relates  to  the  history  and  distribution  of  the  Brachiopoda.  Indeed, 
our  knowledge  of  them,  in  any  sufficient  sense,  may  be  almost  said 
to  date  from  about  the  time  when  the  learned  author  b^an  bis 
labours;  and  the  earliest  known. reference  to  them  in  any  printed 
work  dates  only  from  1606.  The  present  appendix  closes  a  series  of 
researches,  begun  just  half  a  century  ago,  on  the  Brachiopoda  of  the 
British  islands.  During  that  period,  Dr.  Davidson  has  not  only  pre- 
pared the  text  of  his  monograph,  and  numerous  collateral  and 
frequently  very  important  papers  on  the  general  subject,  but  has 
drawn  with  his  own  hand  more  than  two  hundred  admirable  aod 
artistic  plates  by  which  that  text  has  been  illustrated  and  adorned. 
Seldom  has  fortune  equipped  more  completely  a  student  for  his  life- 
work  than  in  the  present  case,  when  more  than  ordinary  artistic 
talent,  a  liberal  education,  independent  means,  were  joined  to  unsur- 
passed devotion  in  the  pursuit  of  knowledge,  and  impartiality  in  the 
recognition  of  the  labours  of  others  in  the  same  field. 

The  steady  stream  of  information  induced  by  the  publication  of 
successive  parts  of  the  monograph  has  necessitated  supplement  after 
supplement.  The  present  and  concluding  part  not  only  contains 
such  material,  but  a  catalogue  of,  and  index  to,  the  British  genera 
and  species,  bibliographical  and  stratigraphical,  and,  more  important 
than  either  for  the  general  biologist,  a  summary  of  progress  in  oar 
knowledge  of  the  class  up  to  the  present  time.  This  includes 
notices,  under  separate  heads,  of  the  test,  the  embryology,  the 
affinities,  the  adult  anatomy,  habitat,  and  ranges  in  depth,  of  recent 
species,  characters  of  the  fossil  genera,  and  classification  discussed 
by  families.  Full  space  is  allotted  to  the  advocates  of  contendmg 
theories :  Kowalevski's  valuable  paper  on  the  embryology  is  given  in 
full  abstract,  with  excellent  figures ;  vaiious  suggested  pedigrees  are 
quoted  ;  the  brilliant  rise,  and  slow  but  continuous  decadence,  of  the 
"  worm  theory  "  is  related,  with  generous  recognition  of  the  sagacity 
of  Morse  in  the  detection  of  affinities  to  which  the  then  imperfect 
knowledge  of  the  molluscan  pedigree,  and  his  remarkable  researches 
into  the  early  stages  of  Terebratulina  and  Lingula,  lent  a  plausible, 
but,  as  it  has  since  proved,  a  one-sided  interpretation.  The  general 
conclusion  is  reached,  that,  however  great  the  probability  of 
continuous  descent,  with  modification,  as  an  explanation  of  the 
various  forms  of  Brachiopoda  now  or  previously  existing,  the 
palsBontological  record  presents  many  facts  iu explicable  by,  or  even 
opposed  to,  this  theory ;  while  of  natural  selection  there  seems  to  be 
absolutely  no  visible  trace.  The  number  of  British  forms  which,  at 
the  commencement  of  the  work,  comprised  13  genera,  and  454  partly 
invalid  species,  has  now  expanded  to  74  genera,  and  976  species,  and 
varieties,  to  which  even  now  accessions  continue  to  be  made. 

In  taking  leave  of  his  task,  so  worthily  performed  and  to  be  con- 
tinued by  younger  hands,  the  author,  in  spite  of  certain  infirmities, 
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does  not  relinquish  his  studies,  but  is  now  engaged  on  a  Mono- 
graph of  the  reoent  species,^  which  it  is  to  be  hoped  he  may  be 
spared  to  complete  to  his  own  satisfaction  and  the  undoubted  benefit 
of  Science.  W.  H.  Dall. 


co»E.Eai=>03srx)E3sroE. 


CORNISH  SERPENTINE, 
Sib, — I  cannot  reply  fully  to  Mr.  J.  H.  CoUins's  paper  on  the 
Cornish  serpentine,  published  at  page  298  of  this  Magazine,  in 
which  he  repeats  his  mistakes  as  to  the  serpentine  of  Porthalla, 
until  I  have  obtained  permission  from  the  Council  of  the  Greological 
Society  to  have  slices  prepared  for  microsopic  examination  from  the 
specimens  which  he  presented  in  illustration  of  his  paper  published 
in  vol.  xl.  of  the  Quarterly  Journal.  After  this  I  think  I  shall  be 
able  to  demonstrate  that  he  has  wrongly  interpreted  the  very 
specimens  on  which  his  hypotheses  are  founded.  In  the  mean  time  I 
will  merely  remark :  (1)  That  the  formation  of  the  mineral  called 
serpentine  in  the  crevices  of  a  rock  no  more  proves  that  the  rock 
serpentine  is  not  of  igneous  origin  than  the  occurrence  of  the  mineral 
quartz  in  an  adjacent  vein  proves  that  a  quartz-felsite  is  not  of 
igneous  origin.  (2)  That  (contrary  to  Mr.  CoUins's  assertion)  there 
is  no  essential  distinction  between  the  serpentine  of  Porthalla  Cove 
and  that  from  other  parts  of  the  Lizard  district  There  is  as  much 
difference  as,  but  no  more  than  may  be  commonly  found  between  two 
dykes  or  two  lava-flows  in  the  same  volcano.  (3)  That  the  serpen- 
tine of  Porthalla  in  its  relations  to  the  hornblende-schist  exhibits  the 
usual  indications  of  the  intrusion  of  one  rock  to  a  plastic  condition 
into  another.  The  second  and  third  of  these  statements  will 
no  doubt  be  put  aside  by  Mr.  Collins,  like  those  of  Mr.  Somervail, 
as  merely  "  a  repetition  of  the  dogmatic  assertion.*'  But  in  excuse  for 
this  dogmatism,  I  may  remark  that  the  question  at  issue  between 
Mr.  Collins  on  the  one  side  and  Mr.  Somervail,  myself,  and  those  who 
have  worked  with  me  at  the  Lizard  on  the  other,  is  really  one  of  the  ob- 
servation of  facts.  He  in  effect  says,  "  I  cannot  see  any  evidence  of  the 
intrusion  of  the  serpentine  into  the  hornblende  schist."  We  reply,  "  To 
OUT  eyes  the  junctions  (with  the  usual  indications)  are  often  so  plain 
that  we  doubt  whether  you  really  know  for  what  to  look."  I  may 
further  plead  in  excuse  of  a  little  dogmatism  on  my  own  part  that 
if  there  be  one  rock  which  I  ought  to  know  better  than  another  it  is 
serpentine  (i.e.  the  rock  of  the  Lizard  type),  of  which  I  believe 
I  have  studied  more  examples  and  possess  a  larger  collection  than 
any  other  person  in  England  ;  and  if  there  be  one  class  of  phenomena 
with  which  I  should  be  familiar,  it  is  the  junctions  of  rocks,  whether 
brought  about  by  igneous  intrusion  or  by  "the  subsequent  move- 
ments of  the  strata,"  subjects  to  which  for  the  last  ten  years  I  have 
paid  special  attention.  T.  G.  Bonnet. 

^  This  Monograph  is,  we  imderstand,  shortly  to  he  puhlished  hy  the  LinnsDan 
Society  of  London  m  its  Transactions. — Edit. 
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HENRY    JOHNSON,    F.G.S., 
BOBN  1823;  DiBD  1886. 

Mr.  Henry  Johnson,  of  Trindle  Road,  Dudley,  civil  and  mining 
engineer,  well  known  in  the  Midland  Counties,  and  beyond,  for  his 
skill,  energy,  and  successful  appliance  of  knowledge  and  experiencep 
has  succumbed  to  a  long  infliction  of  sciatic  rheumatism  and  ultimate 
prostration.  Born  in  1 823,  he  was  in  his  63rd  year  when  -  he  died 
early  in  July  last.  Articled  to  a  surveyor,  he  soon  became  success- 
ful in  land  and  mining  surveying,  in  railway  work,  and  oollieriee. 
The  great  Sandwell  Colliery,  in  particular,  was  re-established  and 
extended  by  his  labour  and  influence.  The  Watling-Street  Colliery 
near  Wilnecote,  and  the  Peel  Colliery,  near  Tamwortb,  with  its 
extensive  clay  works,  were  won  and  established  by  him.  He  was 
also  actively  and  successfully  engaged  with  the  South  Staffordshire 
Mines'  Drainage  Scheme,  and  in  the  South  Staffordshire  and  East 
Worcestershire  Mining  Institute.  He  contributed  some  good  and 
useful  papers  to  Societies  with  which  he  was  connected, — as,  for 
instance,  that  "On  the  Workmg  of  Thick  Coal,"  to  the  Midland 
Institute,  Birmingham,  and  ''  On  the  Geological  Features  of  the 
South  Staffordshire  Coalfleld,"  to  the  Iron  and  Steel  Institute  at 
Dudley,  treating  of  the  practical  development  of  the  Coal-field  and 
improved  working  of  the  Mines.  Bis  services  on  Commissions, 
Trials,  etc.,  connected  with  mining  afOsiirs,  were  highly  valued  and 
much  sough  t  after.  He  was  ever  ready  to  help  his  professional  brethren; 
especially  the  younger  engineers,  with  his  counsel  and  practical  aid. 
His  talents  as  a  draughtsman  and  in  penmanship  were  appreciated 
from  an  early  date.  In  a  geological  point  of  view  Mr.  Johnson  had 
a  ready  and  firm  grasp  on  the  bearings  of  geology  on  mining ;  and 
he  particularly  utilized  his  many  opportunities,  and  gratified  his 
natural  taste,  by  collecting  and  preserving  almost  innumerable  goo<l 
specimens  of  fossils  and  minerals.  The  former  he  cherished  with 
personal  care  and  skilful  manipulation,  exhibiting  their  parts 
and  characters  clearly  and  with  judgment,  so  that  the  palsBontologist, 
visiting  his  wonderfully  rich  collection,  not  only  saw  specimens 
better  than  he  had  seen  before,  but  always  found  a  judicious  selec- 
tion of  doubtful  or  unknown  forms,  of  both  animal  and  vegetable 
remains,  which  the  energetic  collector  had  saved  and  separated  for 
examination  by  the  specicJist  As  Mr.  Johnson  cheerfully  exhibited 
whatever  his  visitors  wished  to  see,  so  he  gratefully  accepted  such 
information  about  his  treasures  as  they  were  able  to  give.  Not  only 
his  minerals  and  fossils,  but  his  mining  records  and  curiosities,  are 
valuable  memorials  of  his  good  taste,  common  sense,  and  acumen. 
He  has  left  three  sons  and  two  daughters ;  and  his  long  and  fatal 
malady  deprived  him  of  the  power  of  making  such  a  provision  for 
them  as  once  he  had  a  right  to  hope  for. — ^T.RJ. 


Profbssob  H.  Milne-Edwards. — It  is  with  profound  regret  we 
have  to  record  the  death  of  one  of  the  most  eminent  Naturalists  of  the  present  century, 
one  too,  who  has  witnessed  its  eventful  history  from  its  commencement.  Bom  on  23rd 
October,  1800.  he  passed  awa^^  in  his  8dth  year,  on  the  29th  Jul]r,  1885.  Although 
resident  in  Paris,  he  was  by  origin  an  Englishman.  We  hope  to  give  a  suiteble  notice 
of  Prof.  Milne-Edwards  in  our  next  Number. 
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I. — On   Regent  and  Fossil  Plsurotomabijs, 

By  Henrt  Wdodwabd,  LL.D.,  P.R.S.,  P.G.S. 

(PLATE  XI.) 

THE  progress  of  modem  discovery,  both  in  Palaeontology  and 
Zoology,  has  been  steadily  tending  to  bridge  over  the  gap 
whioh  seemed  at  one  time  to  separate  the  past  from  the  present 
life-history  of  our  globe,  and  has  brought  each  more  closely  into 
relationship  with  the  other  than  seemed  possible  fifty  years  ago. 

Palaeontologists  are  constantly  discovering  fossil  forms  to  connect 
the  past  with  the  present,  and  zoologists,  with  equal  zecJ,  are  seek- 
ing new  living  ones  to  connect  the  present  with  the  past. 

The  discovery  of  Trtgonia  in  the  seas,  and  the  existence  of  Ceratodus 
in  the  rivers  of  Australia,  offer  us  living  analogues  for  a  long  series 
of  ancestral  forms,  carrying  us  back  through  all  the  Secondary  strata 
to  the  Trias,  and  in  the  case  of  Ceratodus,  to  the  Coal-period ;  whilst 
the  TAngnla  and  the  Pearly  NautilM,  living  to-day,  have  found 
remote  ancestors  in  Silurian  and  Cambrian  times. 

The  almost  simultaneous  discovery  of  remains  of  Scorpions  in 
the  Silurian  rocks  of  America,  Scotland,  and  Sweden,  closely  re- 
sembling those  now  living,  attests  the  presence  of  dry-land  and 
Insect-life  in  pre-Carboniferous  times,  and  furnishes  another  link  in 
the  "  Enchainements  du  Monde  Animal,"  by  which  the  long-buried 
past  lives  again  by  the  light  of  the  life  of  the  present  day. 

A  similar  interest,  zoologically  and  palseontologioally,  attaches  to 
the  ancient  genus  Pleurotomaria,  a  Gasteropod  which,  previous  to 
1855,  was  only  known  in  a  fossil  state. 

A  large  proportion  of  the  older  trochiform  fossil  shells  have  their 
whorls,  whether  round  or  angular,  marked  by  a  peculiar  band, 
usually  terminating  in  a  deep  slit  at  the  aperture.  Most  of  these 
were  solid  nacreous  shells,  and  have  been  referred  to  the  genus 
Pleurotomaria.  Others  are  slender  and  tapering,  and  resemble  a 
Cerithium  with  a  notched  aperture :  they  are  named  Murchisania, 
and  are  probably  related  to  Pleurotomaria  proper. 

In  Woodward's  *' Manual  of  the  Mollusca  "  the  genus  Pleurotomaria 
is  said  to  range  from  the  Silunan  to  the  Chalk  formation,  and  the 
number  of  species  then  recorded  (in  1854)  was  400.  Since  that 
date  the  number  of  fossil  forms  described  has  been  greatly  increased. 
The  palsBontological  gap  which  seemed  to  separate  the  fossil  Pleuro* 
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tomartm  from  the  fauna  of  to-day  has  been  also  reduced  by  the 
disoovery  of  seven  Eocene,  two  Miocene,  and  two  Pleistooene  species ; 
whilst  the  dredge  of  the  zoologist  and  the  nets  of  the  fishermen 
have  demonstrated  with  equal  success  that  FUurotomaria  is  living  in 
the  seas  of  the  present  time. 

The  following  is  a  list  of  the  Tertiary  species  of  Pleurotomaria  : — 

(Eocbnb)  Pleurolomaria  Bianeanii,  d'Archiac,  India. 

coneava^  Deshayes.  Paris  Basin. 

'  Duboisiiy  Mayer,  the  Crimea. 

— ^ Oenyi^  Mayer,  Nice. 

jr<«itM-f  (nrt>>t»M,d*Archiac,  Asia  Minor. 

Lamarekiiy  Mayer,  Switzerland. 

NieaentU,  Bayan,  Nice. 

(Miocbnb) SUmondif  Goldfuss,  Biinde. 

tertiarioy  M*Coy,  Australia. 

(Plbistocbnb) Fiteheri^  Mayer  MS.,  Guadaloupe  ? 

JJuehauaingiif  Schramm,  Guadaloupe  ? 

The  rarity  of  living  Pleurotomarice,  whether  in  public  Museimis 
or  in  private  Collections,  is  an  incontestable  fact.  Neither  the 
British  Museum  (Natural  History),  nor  the  Museum  of  the  Jardin 
des  Plantes,  Paris,  possesses  an  example. 

Mr.  W.  H.  Dall,  in  his  Preliminary  Report  on  the  Mollusca  dredged 
in  the  Gulf  of  Mexico,  etc.,  1877-78,  by  the  U.S.  Coast  Survey 
Steamer  "  Blake,"  *  in  1881,  records  the  existence  of  eight  individuals 
only,  that  were  actually  known  to  him  to  exist  in  collections ;  whilst 
M.  H.  Crosse  (Journal  de  Conchyliologie,  1882,  p.  20),  a  year  later, 
mentions  ten  specimens  of  living  species  obtained  up  to  that  date : — 
viz. : — 1  Pleurotomaria  Bumphii  (in  the  collection  of  the  Jardin 
Zoologique,  Rotterdam)  ;  6  of  jP.  Adansoniana  (viz.  1  in  the 
collection  of  M.  H.  Crosse  (the  type),  1  in  the  Museum  of  M.  Lher- 
minier,  3  in  the  Museum  of  Zoology  and  Comparative  Anatomy, 
Cambridge,  Mass.) ;  3  of  P.  Quoyana  (viz.  1  in  the  collection  of 
Miss  De  Burgh  (the  type),  2  in  the  Museum  Zool.  and  Comp.  Anat,, 
Cambridge,  Mass.)  ;  1  P.  Beyrichii  (collection  of  Dr.  Hilgendorf). 
We  may  now  add  a  second  specimen  of  P,  Beyrichii,  in  the  collection 
of  Mr.  R.  Damon,  F.CJ.S.,  of  Weymouth  (see  Plate  XL  Fig.  1). 
This  specimen,  obtained  by  Dr.  C.  Gottsche,  of  Berlin,  during  his 
residence  in  Japan,  from  a  fisherman  of  Enoshima,  was  actually 
caught  with  the  mollusc  in  it,  but  the  intelligent  native  very  carefully 
removed  it,  and  thus  a  most  valuable  prize  was  lost  to  science. 
Dr.  Gottsche  obtained  the  shell  from  the  fisherman  two  hours  after 
it  had  been  taken  alive,  and  from  the  good  state  of  its  preservation, 
and  its  brilliant  coloration,  there  is  every  reason  to  believe  that 
it  was  an  actual  living  example  when  found. 

It  contrasts  most  favourably  both  in  coloration  and  condition  with 
Dr.  Hilgendorfs  specimen  of  P.  Beyrichii  (as  figured  by  von  Martens 
in  the  Conchological  Mittheilungen,  Cassel,  vol.  i.  pi.  vii.  1880), 
which  does  not  display  the  slit,  and  is  in  an  extremely  poor  state  of 

1  Bulletins  of  the  Museum  of  ComparatiTe  Zoology  at  Harrard  College,  vol.  iX' 
Nos.  1-6,  pp.  78-79,  June— Dec.  1881. 
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conservation.^  Indeed  it  seems  very  probable  that  it  may  have  been, 
like  the  species  first  discovered  (P.  Quoyana),  inhabited  by  a  hermit- 
crab,  at  the  time  it  was  obtained. 

In  Mr.  Damon's  specimen  the  coloration  is  much  more  brilliant 
than  is  represented  in  von  Martens'  figure  of  Dr.  Hilgendorfs  speci- 
men, and  its  altogether  fresh  and  uninjured  appearance  suggests  it  to 
be  the  shell  of  a  strong  and  healthy  animal  just  caught  alive.  A 
small  portion  of  the  outer  lip,  on  the  lower  side  of  the  slit,  has  been 
broken  away  in  removing  the  animal ;  otherwise  the  shell  is  quite 
perfect  The  measurements  recorded  show  Dr.  Hilgendorf's  speci- 
men to  be  8  mm.  larger  in  diameter;  its  height  is  also  12  mm. 
greater  than  that  of  Mr.  Damon's  specimen. 

|Pleubotomaria  Beybiohii,  Hilgendorf.     (PI.  XL  Fig.  1,  a,  h,) 

Pleurotomaria    Beyriehii,    Hilgendorf,    1877,    Sitzungsber.    Gesells.    natturforsch. 
Freand.  Berlin,  p.  72. 

Schepman,  1879,  Tydschr.  d.  Ned.  Dierk.  Vereen,  vol.  iv. 

p.  166. 

Crosse,  1880,  Journ.  Conchyl.  vol.  xxviii.  p.  204. 

Martens,    1880,  Conch.  Mittheil.   vol.  i.  heft  3,  p.  33, 

taf.  vii. 

__    Dall,  1881,  Bnll.  Mas.  Comp.  Zool.  Harvard  Coll.  vol.  ix. 

p.  78. 

H.  Crosse,  1882,  Journ.  Conchyl.  vol.  xxx.  p.  16. 

Animal  and  operculum  of  P.  Beyrichii  unknown. 

Shell  trochiform,  solid,  whorls  nine,  surface  ornamented  with 
numerous  broadly  spiral  ridges,  intersected  by  somewhat  strongly- 
marked  lines  of  growth,  which  follow  the  same  wave-like,  orAT-shaped, 
curve,  as  the  mouth  of  the  shell.  Aperture  subquadrate,  with  a  deep 
slit  (about  one  inch)  in  its  outer  margin.  The  part  of  the  slit  which 
has  been  progressively  filled  up  forms  a  distinct  band  round  the 
whorls.  There  are  9  spiral  ridges  above  the  slit,  and  6  below,  in 
the  body-whorl ;  but  these  lower  ridges  are  overlapped  in  the  upper 
whorls  as  far  as  the  line  once  occupied  by  the  slit,  which  forms  a 
band  around  the  whorls  of  the  shell  just  above  the  suture.  The 
lower  margin  of  the  whorls  is  bent  at  a  rather  sharp  angle,  the  some- 
what flattened  base  of  the  shell  having  19  spiral  ridges  on  it.  The 
lip  near  the  columellar  margin  is  much  thickened  and  flexuous,  the 
interior  of  the  shell  and  the  umbilicus  being  nacreous.  (Colour  pale- 
yellow,  streaked  with  bright  orange  red. 

Largest  diameter  of  base  of  shell  75  millimi^tres ;  smallest  diameter 
of  base  65  mm. ;  total  height  70  mm. ;  diameter  of  aperture  35  mm. ; 
height  of  aperture  25  mm. ;  length  of  slit  22  mm. 

Habitat : — Found  living  off  the  coast  of  Japan,  at  Enoshima,  depth 
unknown. 

>  Dr.  C.  Gottsche  writes  (Berlin,  22  July,  1885),  "  In  Dr.  Hilgendorf  s  specimen, 
which  is  a  little  rolled,  and  covered  with  SerpulsB  and  Bryozoa,  the  aperture  is 
entirely  broken  away,  so  that  the  slit  can  only  be  reconstructed  from  the  band."  He 
adds  that  two  more  specimens  of  P;  Beyriehti  were  brought  back  by  Dr.  Doederlein, 
of  Strassburg  in  1882,  but  they  do  not  exhibit  the  slit  itself.  This  statement  brings 
the  total  number  of  living  specimens  of  Pleurotomaria  of  all  species  known,  up  to 
13  individuals. 
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Mr.  W.  H.  Dall  gives  the  following  general  description  of 
Fhurotomaria : 

"  Shell  trochoid  in  form,  internally  pearly,  the  last  whorl  per- 
forated or  fissared  for  the  escape  of  eggs,  or  fecal  matters,  in  the 
direction  of  the  coil  of  the  whorl. 

*'  Operculum  horny,  suhspiral  or  multispiraL  Branchiaa  two,  nearly 
symmetrical,  one  on  each  side  of  the  slit  in  the  mantle  corresponding 
to  the  fissore  or  perforations  of  the  shell. 

"  Animal  with  papillose  edge  to  the  mantle  and  lateral  fringes ; 
without  elongated  cirri  as  in  the  Trochids ;  with  no  frontal  veil,  or 
fissuring  of  the  foot.  Muzzle  simple,  without  a  proboscis,  eyes  on 
pedicels  exterior  to  the  bases  of  the  simple  tentacles.  Jaws  small, 
weak."    Then  follows  a  description  of  the  odontophore. 

Mr.  Dall  adds:  "A  description  of  the  soft  parts  of  PL  Quoyana 
and  PL  Adansonianaf  with  figures  of  the  animal  taken  from  life,  is 
in  preparation.  It  is  to  be  regretted  that  the  account  will  be 
rendered  rather  imperfect  on  account  of  the  poor  state  in  which  the 
soft  parts  have  come  to  hand.  The  more  delicate  portions  were 
entirely  destroyed.  Those  parts  of  importance  in  classification, 
being  of  a  tougher  nature,  for  the  most  part  can  be  tolerably  well 
made  out.  Sufficient  is  already  knowfk  to  show  that  the  group 
possesses  characters  of  family  value,  and  stands  nearest  the  Trochida, 
with  features  recalling  Haliotida ;  and  that  it  has  nothing  whatever 
in  common  with  the  Pleurotomida^*  {op.  ciL  p.  79). 
Eemarks  on  the  other  living  Pleuroiomarim : — 
PL  Quoyana,  Fischer  and  Bemhardi,  1866,  was  the  first  species  of 
living  PleurotomartcB  discovered.  The  type  specimen  (now  in  Miss 
De  Burgh's  cabinet)  was  figured  in  the  Journal  de  Conchy iiologie, 
1856,  vol.  V.  p.  165,  pi.  V.  It  is  the  smallest  of  Irving  PleurotomaricB, 
being  only  35  millimetres  in  diameter,  and  46  mm.  in  height 

The  first  specimen  was  obtained  in  a  lobster-pot  or  trap  sunk  in 
deep  water  off  the  island  of  Marie- Galante,  and  between  that  little 
island  and  Dominique  (H.  Crosse,  op,  cit,  1882,  p.  15).  It  was 
occupied  by  a  living  hermit-crab. 

Two  other  specimens  were  dredged  alive  off  Barbadoes  by  the 
"  Blake  Expedition  '*  under  A.  Agassiz,  in  73  and  84  fathoms  water 
(Mus.  Comp.  Anat.  and  Zool.  Camb.  Mass.). 

PL  Adansoniana,  Crosse  and  Fischer  (1861),  is  twice  the  size  of 
PL  Quoyana^  and  extremely  like  it  in  its  neat  and  regular  ornamenta- 
tion ;  but  the  position  of  the  slit-band,  which  is  supramedian  on  the 
former,  is  median  on  the  whorls  of  the  latter  species ;  whereas  in 
PL  Beyrichii  it  is  inframedian  in  position.  In  both  the  West  Indian 
species  the  coils  of  the  shell  are  rather  angular,  and  the  slit-band 
is  more  prominent,  and  distinct. 

(In  PL  Beyrichii  the  slit-band  nearly  coincides  with  the  suture  in 
all  but  the  body-whorl,  in  which  its  position  is  seen  to  be  much 
below  the  centre  of  the  whorl.  The  whorls  are  more  rounded  than 
in  the  West  Indian  species,  and  the  outline  is  therefore  more  graceful 
and  elegant). 

The  specimens  have  been  obtained  as  follows : — Islet  of  Fajou, 


Digitized  by 


Google 


Br,  H.  Woodward — Recent  and  Fossil  PleurotomaricB,     437 

Guadaloupe»  in  the  great  bay  of  Pointe-2i-Pitre,  in  150  fathoms ; 
Barbadoes,  69  fathoms  (dead) ;  94  and  200  fathoms  (living)  (see 
Journal  de  Oonohjiiologie,  1861,  tome  ix.  p.  163,  pL  y.  ;  and  1882, 
Tol.  XXX.  p.  12,  pi.  i). 

PI,  Bumphii  is  the  largest  of  living  PleurotomaricB,  being  190 
millimetres  in  diameter,  and  170  in  height.  M.  Crosse  considers 
it  to  approach  most  nearly  to  PL  Adansonianay  but  the  height  of  PI, 
Pumphii  is  double  that  of  PL  Adansoniana  or  of  PL  Beyrichii,  and 
nearly  four  times  that  of  PL  Quoyana.  It  is,  says  M.  Crosse,  a 
veritable  giant  of  the  genus  (op.  cit.  1882,  vol.  xxx.  p.  10).  This 
interesting  specimen  is  figured,  from  a  photograph,  by  A.  J. 
Wendel,  and  described  by  M.  Schepman,  in  the  Tijdschr.  der  Ned. 
Dierk.  Vereen.  Leiden,  1882,  Deel  VI.  p.  23,  pi.  ii.  figs.  1-3.  Its 
habitat  is  said  to  be  the  Moluccas.  M.  Schepman  discovered  it 
among  a  number  of  shells  from  Moluoca,  in  the  Museum  of  the 
Zoological  Gardens,  Rotterdam,  where  the  specimen  is  still  preserved. 

From  the  annexed  table  of  species  of  Pleurotomariidmy  it  will  be 
seen  that  the  400  extinct  species,  known  to  Dr.  S.  P.  Woodward 
in  1854,  have  now  grown  to  nearly  three  times  that  number ;  whilst 
the  gap  which  formerly  existed  between  the  Cretaceous  and  the  recent 
forms  is  now  bridged  over  by  eleven  species  from  the  Tertiary  and 
Quaternary  deposits  of  various  countries.  Nevertheless  one  is  re- 
luctantly compelled  to  admit  that,  although  not  extinct,  PleurolO' 
maria  is  a  genus  of  the  past,  and  that,  numerically  speaking,  its 
sun  has  set,  both  as  regards  individuals  and  distinct  species,  when 
compared  with  the  grand  extension  the  genus  enjoyed  in  Jurassic 
times,  indeed  from  the  Chalk  formation  to  the  Silurian  epoch.  [See 
Table,  on  p.  438.  For  the  enumeration  of  the  fossil  species  summa- 
rized in  this  table,  I  am  indebted  to  my  friend  and  colleague  in  the 
Geological  Department,  Mr.  B.  Etheridge,  F.K.S.] 

In  quoting  these  figures  as  a  census  of  species  of  PleurotomaricB, 
it  must  always  be  borne  in  mind,  that,  as  regards  at  least  a  large 
number  of  the  Palaeozoic  species,  although  they  have  been  referred 
to  Pleurotomaria,  they  may  possibly  belong  to  quite  a  distinct  genus, 
as  we  are  entirely  unacquainted  with  the  animal  itself. 

We  give  on  PI.  XI.  Fig.  2,  a  representation  of  a  very  well-known 
and  beautiful  form  of  Pleurotomaria  {PL  reticulata,  Sby.)  common  to 
the  Coral  Rag  of  Weymouth  and  the  Eimmeridge  Clay  of  Wotton 
Bassett.  This  species  is  interesting  as  illustrating  Dr.  S.  P.  Wood- 
ward's obsei-vation  on  the  genus  ("Manual  of  the  Mollusca,"  1st 
edition,  p.  147),  that  "  specimens  from  Clay-strata  retain  their 
nacreous  inner  layers;  those  from  the  Chalk  and  Limestone  have 
lost  them,  or  they  are  replaced  by  crystalline  spar." 

It  will  be  observed  that  PL  reticulata  attains  a  'size  almost,  if  not 
fully  as  large  as  PL  Beyrichii,  but  the  slit-band  in  this  fossil  species 
is  supramedian,  and  not  inframedian  as  in  PL  Beyrichii.  The  whorls 
in  PL  reticulata  are  rather  more  angular  than  in  the  Japanese  species 
figured  with  it  (Fig.  1) ;  bat  the  style  of  ornamentation  has  varied 
but  little  in  this  genus  since  Jurassic  times. 

In  reference  to  the  genos  Pleurotomaria,  Mr.  W.  H.  Dall  has  the 
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Tablb  or  Distribution  of  thi  FLEUROTOMAEIID^. 


No.  of 

species. 

Bbobnt    

West  Indies 

.•.      2 

Moluccas ... 

...       1 

Japan 

...       1 

4  Living  or  Rbcbnt. 

Plbistocbkb  ... 

West  Indies 

...        2 

Plioobnb 

•••     ...    ... 

...      0 

0  Pliocbnb. 

MlOCBMB 

Gennanj  ... 

...       I 

Australia... 

...       1 

2  MiOCBNB. 

EOCBNB      

France     ... 

...      3 

Switzerland 

...       1 

Russia      ... 

...       1 

Asia  Minor 

...       1 

...       1 

7  EOOENB. 

Cbbtacbous    „. 

Switzerland 

...   136 

France     ... 

...     37 

India       ... 

...      2 

America  ... 

...      2 

England  ... 

...     81 

208  Crbtacbous. 

JrBASSIC 

Germany  .. 

...    46 

France     ... 

...  198 

Russia      ... 

...       8 

England  ... 

...  121 

367  Jurassic. 

Pbrmian 

Germany ... 

...      8 

Russia     ... 

...       1 

England  ... 

...       8 

12PXRMIAK. 

OlEBONlFBROVt 

America  ... 

...     65 

Belgium  ... 

...  130 

Russia      ... 

...     10 

England  ... 

...     53 

258  Carbonifbrous. 

Dbtokian 

America  ... 

...     31 

Rhenish  Prussia     72 

Russia     ... 

...      8 

France     ... 

...      3 

England  ... 

..       9 

123  Dbtonian. 

Silurian 

America  ... 

..    113 

Gotland   ... 

...     41 

Russia     ... 

...      9 

Bohemia  ... 

...      3 

Australia,  etc. 

...      2 

England  ... 

...       9 

177  Silurian. 

Summary — 

^ 

Living  species 

4 

1160. 

Tertiary    ...     . 

..     11 

Secondary...     . 

..  675 

Paleosoic ...    . 

..  670 

(  'RnfiftVi  fnRftfl  RTkAriPa 

1160. 


of  Fleurotomaria 


226. 
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following  remark  (Bulletin  of  Mnseum  of  Comparative  Zoology, 
Cambridge,  Mass.,  1881,  vol.  ix.  p.  78) :  '*  It  seems  to  have  been 
overlooked  until  now,  that  we  Bve  indebted  to  Sowerby  for  its 
characterization,  and  that  he  is  entitled  to  be  cited  as  authority  for 
the  genus."  But  on  referring  to  James  de  Carle  Sowerby's  descrip- 
tion of  the  genus  Pleurotomaria,^  Min.  Conch,  vol.  vii.  p.  69,  pi.  640 
(published  November,  1844),  he  cites  Defranoe  as  his  authority. 

It  is  true  that  in  Defranoe's  '^  Tableau  des  Corps  Organises  Fossiles'* 
(8vo.  Paris,  1824),  be  merely  gives  the  name  (p.  114) ;  but  in  the 
•*  Dictionnaire  des  Sciences  Naturelles"  (vol.  xli.  1826,  p.  381),  De 
Blainville  adopts  Defranoe's  name,  and  credits  him  with  most  of  the 
new  species  described.  It  is  also  perfectly  true  that  Sowerby 
defined  the  genus,  but  to  assume  that  he  founded  it  would  be  unjust 
to  Defrance,  especially  since  both  De  Blainville  and  Sowerby  have 
given  Defranoe  credit  for  the  genus.  If  such  a  rule,  as  is  thus  pro- 
posed by  Mr.  W.  H.  Dall,  were  generally  adopted  by  naturalists, 
endless  confusion  would  arise  and  great  injustice  would  be  done  to 
all  the  older  naturalists  whose  work  laid  the  foundation  for  the 
researches  of  the  generation  of  younger  men  who  have  followed  after. 

EXPLANATION  OP  PLATE  XL 

Fio.  la.  PUurotomaria  Btyrichii,  Hilrendorf .  Beoent.  Enoshima,  Japan.  (Nat.  sixe.) 
,,     1^.  Portion  of  the  slit-band  (enlarged). 
,,    2     P/fwro<(>tiiarmr«^t>u/a/a,  Sby.  (nat.  size).  EimmeridgeCla7,'W'otton-Ba88et. 

The  nacreous  inner  la^er  of  the  shell  is  well  preserred. 

Fig.  1  is  from  the  cabinet  of  Mr.  HI  Damon,  F.G.S.,  of  Weymouth. 

Fig.  2  is  preserred  in  the  British  Museum  (Natural  History). 

Not$, — ^Mr.  Bobert  Damon  has  kindly  siTen  me  permission  to  retain  his  specimen 
of  Pleurotomaria  Beyrichii  on  exhibition  for  two  months  in  the  table-ease  with  th^ 
fossil  Fleurotomaria  in  Gallery  B,  Department  of  Geology. — H,"W. 


11. — On  Bastitr-Serpentine  and  Troktolite  in  Aberdeenshire, 

WITH  A  Note  on  the  Rock  of  the  Black  Dog. 

By  Prof.  T.  G.  Bonnbt,  D.Sc,  LL.D.,  P.B.S.,  Pres.G.S. 

IN  a  paper  entitled  ''  On  Minerab  new  to  Britain,"  ^  published  in 
the  Mineralogical  Magazine,  voL  v.  p.  1,  Professor  Heddle 
mentions  the  occurrence  of  a  bastite- serpentine  at  two  localities  in 
Aberdeenshire ;  one  in  the  parish  of  Belhelvie,  the  other  on  the  shore 
close  to  a  curious  rock  named  the  Black  Dog.  A  visit  to  the  localities 
has  enabled  me  to  add  to  his  account  some  particulars,  and  to  offer 
one  or  two  corrections  which  seem  to  me  not  unimportant. 

Professor  Heddle  states  that  he  found  the  rock  in  the  former  case 
<*  in  two  quarries  which  are  cut  into  a  hill-side  necur  the  farms  of 
Craigie  and  White-Cairns,  on  the  west  side  of  the  Belhelvie  hills." 

*  Sowerby*8  description  is  as  follows  :  —  '*  Pleurotomau A,  Def ranee.  Gen.  char. 
A  trochiform  spiral  shell,  with  an  angular  sinus  near  the  middle  of  the  outer  lip, 
from  which  a  hand  marked  with  lines  of  growth  that  indicate  the  sinus  is  carried 
round  the  whorls ;  no  beak  or  sinus  at  the  base  of  the  aperture ;  a  columella  with 
or  without  an  umbilicus.*' — (Sowerby,  Min.  Conch.) 

'  In  this  paper  the  term  mineral  is  used  in  a  very  wide  sense,  as  it  includes  taehy* 
lyte,  Lydiati'ttone^  ehert,  lignitey  epherulite^  and  pitehttone.  If  all  of  these  are 
minerab,  what  are  left  to  us  as  rocks  F 


Digitized  by 


Google 


440    Prof.  Dr.  T.  O.  Bonney — Troktolite,  etc.,  in  Aberdeenshire. 

I  believe  that  I  visited  the  same  locality,  thougb  I  could  only  find 
one  quarry  in  serpentine  (very  probably  two  excavations  have  now- 
been  worked  into  one).  The  locality  is  about  eight  miles  from  the 
town  of  Aberdeen,  and  a  short  distance  to  the  east  of  the  high  road  to 
Tarves.'  The  quarry  is  close  to  a  branch  road  and  is  visible  from  the 
main  one.  I  was  told  that  the  name  of  a  farmhouse,  which  stands 
on  the  ridge,  a  short  distance  north  of  the  quarry,  is  Overhill.  This 
ridge  is  a  conspicuous  feature,  running  for  a  considerable  distance 
roughly  parallel  to  the  road,  as  the  above-mentioned  quarry  is  ap- 
proached. It  is  no  doubt  a  portion  of  the  *'  ridge  of  dark  trap,'* 
which  is  mentioned  in  the  Ordnance  Gazetteer  of  Scotland  as 
''starting  from  the  Black  Dog's  mouth,  and  running  through  the 
entire  parish  of  Belhelvie,  from  four  to  six  furlongs  wide,  •  .  •  flanked 
at  one  point  by  serpentine." 

The  outcrop  of  serpentine  is  but  a  small  one,  for  it  does  not  appear 
to  extend  much  beyond  the  limits  of  the  pit.  The  ridge  here,  and 
doubtless  elsewhere,  mainly  consists  of  a  rock  of  rather  variable 
coarseness,  which  much  resembles  the  well-known  troktolite  (or 
forellenstein),  of  Volpersdorf.  This  similarity  struck  me  at  once  in 
the  field,  and  is  fully  borne  out  by  microscopic  examination.  My 
remarks  will  be  chiefly  directed  to  the  structure  of  these  two  rocks 
and  their  relations. 

The  matrix  of  the  serpentine  is  compact,  of  a  dark  brownish  to 
greenish  black  colour,  speckled  by  very  minute  crystals  or  granules 
of  a  mineral  resembling  one  of  the  spinellid  group.  There  are 
irregular  patches,  two  inches  or  more  in  greatest  diameter,  of  a 
greenish -white,  steatite-like  mineral  full  of  small  rounded  inclusions 
of  the  dark  matrix  ;  so  as  to  form  a  kind  of  rude  network  or  cell- 
like structure.  Closely  associated  with  this  are  crystalline  grains  of 
bastite  (with  the  usual  rounded  inclusions  of  the  matrix),  at  most 
about  one  half  of  an  inch  in  diameter,  and  of  rather  feeble  lustre. 
From  the  general  appearance  and  relation  of  these  two  minerals,  one 
would  conclude  that  the  white  mineral  was  the  result  of  a  further 
change  of  that  represented  by  the  bastite.  The  rock  in  its  general 
aspect,  jointing,  fracture,  and  mode  of  weathering,  corresponds  with 
a  true  serpentine,  such  as  that  of  the  Lizard.  It  very  closely  re'» 
*  sembles  my  hand  -  specimens  of  bastite  -  serpentine  from  Baste 
(Hartz),  Kupferberg  (Bavaria),  and  Sta.  Gatarina  (Elba).  Of  the 
first  and  third  I  possess  slides,  which  prove  the  roc^  to  be  almost 
identical. 

The  Belhelvie  serpentine  (rock)  consists  of  the  following  minerals  : 
(1)  Olivine,  more  or  less  converted  into  varieties  of  the  mineral  ser- 

rmtine,  with  separation  of  the  iron  in  the  form  of  magnetit>e,  eta 
have  so  often  described  the  gradual  formation  of  the  "  strings  "  of 
greenish  and  rather  fibrous  serpentine  along  the  cracks  of  the 
original  olivine,  and  the  way  in  which  they,  and  sometimes  the 
mineral  occupying  the  interstices  between  them,  are  discoloured 
by  the  deposit  of  magnetite,  hsBmatite,  etc.,  that  it  is  needless 
to  oocupy  any  space  by  repeating  the  usual  details.  Portions 
^  It  IB  marked  on  Dr.  A.  Geikie't  GeoL  Map  of  Sootlaiid. 
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of  unaltered  olivine  still  remain  in  fair  number  between  tbe  serpen- 
tinous  strings,  which  in  several  cases  are  shown  to  be  remnants  of 
one  crystal,  by  identity  of  colour  when  placed  between  crossing  Nicols. 
(2)  Bastite,  etc.,  viz.  enstatite  in  various  stages  of  alteration.  This 
mineral,  as  is  common,  includes  some  olivine  grains  like  an  irregular 
setting,  and  therefore  must  belong  to  a  later  epoch  of  consolidation. 
We  find  it  in  various  stages,  from  a  characteristic  enstatite,  not  very 
much  altered,  to  a  kind  of  steatite  speckled  with  earthy-looking 
granules,  and  so  rendered  occasionally  almost  opaque.  Sometimes 
the  steatitic  product  is  isotropic,  at  others  it  appears  as  an  aggregate 
of  very  minute  moderately  bright-coloured  granules.  (3)  Besides 
these,  the  slide  exhibits  a  fair  number  of  grains,  not  very  regular 
in  outline,  either  opaque  or  very  dark  brown  in  colour,  most  likely 
representatives  of  the  spinellid  group,  and  in  part  probably 
ohromite.^ 

Thus  the  serpentine  has  been  derived  from  an  olivine-enstatite 
rock,  such  as  would  be  called  a  Saxonite  by  Dr.  Wadsworth. 

The  serpentine  has  been  worked  back  to  its  junction  with  the 
troktolite,  which  constitutes  the  main  mass  of  the  ridge.  This  is 
usually  a  moderately  coarse-grained  mixture  of  purplish-grey  or 
whitish  felspar  and  dull  dark-green  serpentine.  Coarser  varieties 
occasionally  occur ;  usually  the  felspaiwis  to  the  serpentine  in  about 
the  proportion  of  three  to  two,  but  occasionally  a  fragment  is  seen  in 
which  the  former  mineral  distinctly  predominates.  A  pyroxenic 
constituent,  if  present,  is  very  inconspicuous.  The  rock  is  boldly  but 
rather  irregularly  jointed  and  weathers  with  a  brown  rough 
surface. 

I  have  examined  a  series  of  slides  representing  the  average  rock 
of  this  part  of  the  ridge,  the  coarser  kind,  and  varieties  respectively 
rich  in  felspar  and  in  serpentine.  In  the  normal  rock  the  felspar  is 
fairly  well  preserved,  though  rather  cracked,  probably  by  molecular 
strains  due  to  the  alteration  of  the  olivine  constituent  It  exhibits 
the  usual  twinning  of  plagioclase,  the  groups  of  macles  being  com- 
bined in  both  the  Carlsbad  and  perikline  types,  and  the  large 
extinction  angles  show  that  anorthite  is  present.  The  olivine  has 
been  almost  wholly  converted  into  an  olive-green  to  greenish -brown 
serpentine  with  the  usual  structure  ;  only  rarely  does  a  fragment  of 
the  original  mineral  remain  unaltered.  There  is  a  certain  amount 
of  diallage,  more  than  one  would  have  expected  from  a  macroscopic 
examination  of  the  rock.  This  occurs  in  rather  small  irregular 
"interstitial"  looking  grains,  and  now  and  then  includes  or  is  pierced 
by  a  small  crystal  of  the  felspar,  having  been  the  last  to  consolidate. 
There  are  also  a  few  grains  of  iron  oxide.  One  slide  is  traversed  by 
a  vein  of  chrysotile.  In  the  coarser  varieties  the  felspar  is  not  quite 
as  weU  preserved,  but  a  fair  amount  of  olivine  is  still  unaltered,  the 
two  minerals  being  more  nearly  in  equal  proportions.  In  this  there 
is  little  or  none  of  a  pyroxenic  constituent 

1  Plate  TiiL  figs.  2  and  3  (one  of  the  peridotite  of  the  Hartx,  the  other  of  that 
from  Christiania)  in  Dr.  Wadsworth*8  Lithological  Studies,  part  i  would  rery  fairly 
illustrate  the  serpentine  described  in  this  paper. 
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I  possess  a  slide  of  the  Yolpersdorf  troktolite,  and  have  to  thank 
Prof.  Jadd  for  the  loan  of  others,  as  well  as  of  a  slide  of  the  same 
rook  from  Baste.  All  these  agree  very  closely  with  the  rock  descrihed 
ahove.  In  them  also,  diaUage  is  sparingly  present  in  narrow 
irregularnshaped  grains,  so  as  not  readily  to  catch  the  eye  in  hand- 
specimens  (one,  however,  of  my  specimens  of  Volpersdorf  rock 
has  two  or  three  conspicuous  crystals  of  diallage).  Hence  we  need 
not  hesitate  to  call  the  Belhelvie  rock  a  troktolite  or  forellenstein. 

In  my  paper  on  the  Serpentine  of  the  Lizard  (Quart  Journ.  (xeoL 
Soc.  vol.  xxxiii.  p.  906),  I  describe  a  rock  from  Goverack  Cove,  as 
being  almost  identical  with  the  forellenstein  of  Yolpersdorf,  and 
this  was  afterwards  confirmed  by  an  analysis  by  Mr.  F.  T.  Houghton 
(Gbol.  Mag.  Deo.  II.  VoL  VI.  p.  604).'  The  Coverack  troktolite, 
however,  has  probably  a  little  more  diallage  than  the  Yolpersdorf 
rock,  and  in  the  specimen  analyzed  there  was  only  33  per  cent  of 
olivine  as  against  45  per  cent,  in  the  latter  rock.  Macroscopically 
and  microscopically,  this  Belhelvie  troktolite  looks  even  nearer  the 
Yolpersdorf  type  than  that  of  Coverack  Cove.  A  chemical  analysis, 
however,  for  which  I  am  indebted  to  the  kindness  of  A.  E.  Brown, 
Esq.,  B.Sa,  of  University  Collie,  London,  shows  that  on  the  whole 
the  Belhelvie  rock  is  more  closely  allied  to  the  troktolite  of  Coverack 
than  to  that  of  Yolpersdorf,  and  the  per-centage  of  A1,0,  is  rather 
larger,  and  that  of  MgO  rather  smaller,  than  my  estimate  founded  on 
microscopic  examination  led  me  to  expect  The  following  is  the 
analysis  (S.G.  =  2-73). 

HjO    8-12 

SiOj    89-87 

AljOs 24-30 

Fe^Oj 1-69 

FeO     409 

CaO     7-61 

MgO    11-30 

♦K2O     1-11 

•NajO 1-93 

99-92 

^  I  append  the  analyses  made  or  quoted  by  Mr.  Houghton.  I.  is  the  Yolpersdorf 
rock,  II.  that  of  Coverack,  III.  the  felspar  of  No.  1.,  lY.  the  felspar  of  No.  II. 
From  the  latter  two  it  is  evident  the  Coverack  rock  contains  rather  more  lahradorite 
than  the  Yolpersdorf  rock.  I  think,  however,  that  the  specimen  analysed  of  the 
latter  rock  must  have  been  a  little  richer  than  common  in  ohvine. 

I.  II.  III.  IV. 

HaO       8-30     4-38     1-87     3-19 

SiOj      41-13     46-73     47*05     49-66 

AljOj    13-66     22-10     30-44     29-34 


FejOj    2-19    0-7n 

3-61/ 


1-66    0-69 


FeO  619  3-^ 

CaO  6-72  9-26  16-63  12-18 

MgO  22-52  11-46  009  0*46 

K2O  u-83  0-34  0-78  ...     .;.  048 

Na^O  0-96  2-64  210  3-61 


102-40  100-03  100-42  99-61 

*  Mr.  Brown  adds,  **  The  values  of  these  are  uncertain — the  numbers  given  are  the 
means  of  two  experiments :  the  limits  between  which  the  value  may  lie  are  Na^O  1-85 
to  2-33,  KaO  119  to  -71.— Total  3-04." 
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I  may  call  attention  to  another  point  of  resemblance  between  the 
Cornish  and  Belhelvie  rocks  in  their  relation  to  the  serpentine.  At 
Goverack  Cove  the  serpentine  is  the  oldest  rock ;  it  is  cut  by  the 
troktolite,  and  both  are  cut  by  an  ordinary  coarse  olivine-gabbro. 
Now  the  serpentine  and  troktolite  are  so  closely  united  that  at  the 
first  glance  we  might  suppose  the  one  passed  into  the  other.  This, 
however,  is  certainly  not  the  case,  but  the  junction  is  so  perfect  that 
they  appear,  as  it  were,  fused  together ;  while  at  the  junction  of  the 
olivine-gabbro  and  the  serpentine  there  is  commonly  a  line  of  division 
or  a  crack,  which  is  enlarged  by  weathering.  It  would  be  interest- 
ing to  see  whether  in  the  Belhelvie  ridge  there  were  any  indications 
of  a  normal  gabbro  and  what  was  its  relation  to  the  other  rocks. 
Professor  Judd  has  also  observed  the  complete  sequence  of  serpentine 
(or  peridotite),  troktolite,  and  olivine-gabbro  in  the  western  isles 
of  Scotland.     For  the  last  rock  to  cut  serpentine  is  common. 

One  point  remains  for  consideration.  What  is  the  relation  of  the 
troktolite  to  the  bastite-serpentine  ?  Do  they  form  part  of  one 
and  the  same  eruption,  or  is  the  one  distinctly  subsequent  to  the 
other  ?  The  difference  between  the  two  rocks,  notwithstanding  the 
rapid  variation  which  is  often  exhibited  by  peridotic  rooks,  seems 
too  great  to  render  the  former  hypothesis  very  probable ;  further,  by 
careful  search  I  discovered  in  one  part  of  the  pit  a  fairly  sharp 
junction  between  the  serpentine  with  bastite  and  the  troktolite,  of 
which  I  succeeded  in  secunng  specimens.  I  noticed,  however,  that 
in  one  place  the  troktolite,  probably  at  a  distance  of  three  or  four  feet 
from  this  apparent  line  of  demarcation,  changed  in  the  course  of 
about  three  inches  from  a  variety  in  which  the  felspar  distinctly 
prevailed  over  the  olivine  to  one  in  which  there  was  more  olivine 
than  felspar,  perhaps  twice  as  much.  In  the  latter  the  felspar  is 
almost  wholly  replaced  by  secondary  products.  The  greater  part 
of  the  replacing  substance  is  a  minutely  granular  to  slightly  fibrous 
material,  which  with  crossed  Nicols  changes,  as  the  slide  is  rotated, 
from  dark  to  a  pale  milky  or  greyish  white ;  in  it  are  scattered 
a  few  granules  giving  rather  bright  colours.  Much  of  this  might 
readily  be  taken  for  a  steatitic  mineral,  but  on  testing  the  spots  at 
the  surface  of  the  rock  with  a  knife  the  hardness  appears  to  be 
nearly  that  of  felspar.  I  have  examined  a  slice  cut  to  exhibit  the 
above-mentioned  junction.  It  is  rather  less  than  an  inch  long;  about 
f  in.  being  troktolite,  the  remainder  serpentine.  The  former  (except 
for  the  presence  of  a  peculiar  structure  to  be  noted  presently)  is 
a  normal  troktolite,  with  the  plagioclase  felspar  quite  distinct, 
though  much  cracked ;  the  latter,  consisting  mainly  of  altered  olivine, 
exhibits  among  this  mineral  two  or  three  irregular  interspaces 
occupied  by  a  clear  substance,  which  with  transmitted  light  does  not 
differ  much  from  the  felspathic  portion  of  the  troktolite,  but  which 
with  crossed  Nicols  remains  wholly,  or  almost  wholly,  dark  in  every 
position,  and  is  probably  steatite.  This  can  be  scratched  easily  v^th 
the  knife-point,  while  the  colourless  mineral  of  the  troktolite  is  not 
easily  so  marked.  At  the  same  time  the  slide  does  not  exhibit  the 
sharp    demarcation  commonly  seen  when  one  igneous  rock  has 
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intraded  into  another,  but  the  boundary  is  irregular,  the  felspathio 
portion  of  the  troktolite  seeming  to  pierce  or  send  off-shoots  into 
the  serpentine.  This  debateable  region  may  be  about  one-eighth  of 
an  inch  wide.  As  in  addition  each  rock  in  the  slide  is  about  of  its 
normal  ooarseness,  I  should  conjecture  that  the  intrusion  took  place 
when  the  older  rock  was  at  a  high  temperature,  and  perhaps 
was  still  plastic.  Which,  then,  was  the  earlier  ?  At  Coverack,  in 
the  instances  on  the  West  Coast  of  Scotland  described  by  ProL 
Judd,  and  in  several  cases  where  I  have  examined  the  junctions  of 
ordinary  gabbros  and  peridotic  serpentines,  the  felspathio  rock  ia  the 
later  of  the  two;  though  I  may  add  that  its  coarse  crystallization 
seems  to  indicate  that  its  cooling  was  very  gradual.  In  this  case  it  is 
more  difficult  to  come  to  a  conclusion.  The  felspar  of  the  troktolite 
near  to  the  junction  appears  to  occur  in  slightly  smaller  grains  than 
in  the  normal  rock,  but  the  difference  is  slight  and  the  rock  variable. 
There  is,  however,  one  peculiarity.  Near  to  the  junction  every  grain 
of  olivine  is  surrounded  by  a  fringe-like  border,  resembling  an 
incipient  spherulitio  structure.  In  some  cases  this  appears  double, 
the  zone  nearest  the  olivine  consisting  possibly  of  a  serpentinous 
mineral ;  but  the  outer,  and  in  some  cases  the  only  mineral  occurring, 
is  a  long  and  somewhat  fibrous  microlith,  which  from  its  general 
aspect  and  extinction-angle  I  should  judge  to  be  aotinolite  or  tremo- 
lite.'  In  these  slides  the  flakes  or  border  of  diallage  noticed  in  the 
normal  rock  are  wanting.  It  is  possible  that  the  structure  might  be 
a  result  of  the  intrusion  of  the  serpentine  into  the  troktolite ;  but  on 
the  whole  I  incline  to  the  opinion — though  not  without  hesitation — 
that  the  former  rock  is  the  earlier. 

The  Black  Dog  is  a  mass  of  rock  about  four  yards  long  and 
broad,  and  rather  more  than  two  high,  which  projects  from  the  sand 
and  bears  a  very  rude  resemblance  to  the  creature  from  which  it  is 
named.  A  dozen  or  more  of  much  smaller  blocks  are  scattered 
about  in  the  neighbourhood,  some  a  little  nearer  to,  some  a  little 
further  from  the  land.  Most,  if  not  all,  of  these  can  be  visited  at 
low  water.  Rain  and  wind  prevented  me  from  attempting  to  plot 
down  these  blocks  (whether  they  are  tn  Bttu  or  boulders  I  cannot 
say),  and  obliged  me  to  content  myself  with  a  rather  hasty  examin- 
ation of  them.  Professor  Heddle  speaks  of  two  masses  of  serpentine, 
a  little  seaward  of  the  Black  Dog.  I  obtained  my  specimens  fh>m 
two  masses  rather  on  the  landward  side  (and  to  north  of  it),  and 
there  was  a  third  not  f&r  from  these,  but  I  noticed  two  or  three 
more  dark  blocks  surrounded  by  the  sea,  which  may  have  been 
those  spoken  of  bv  Professor  Heddle.  Of  the  remaining  blocks,  one 
was  certainly  a  dark  gneiss ;  the  others  appeared  to  me  to  resemble 
the  rock  of  the  Black  Dog,  but  at  these  I  barely  glanced.*    Macro- 

^  These  or  other  microlitbs  sometimes  pierce  the  felspathic  ]^art  of  the  slide  in  a 
way  that  recalls  the  canal  system  of  £ozoon,  but  to  disooss  this  would  require  too 
long  a  digression  for  the  present  occasion. 

'  Boulders  are  not  conmion  on  this  part  of  the  shore.  In*  fact,  I  do  not  remember 
obserring  one  for  about  a  mile  and  a  half  to  the  south,  so  that  the  rock  probably  is 
either  in  situ  or  has  come  ^m  the  inunediate  neighbourhood. 
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scopically  the  only  difference  between  this  serpentine  and  that  of 
Belhelvie  is  that  in  the  former  there  are  much  larger  masses  of 
the  bastite  and  much  less  of  its  steatitio  alteration  products.  Under 
the  microscope  the  differences  are  but  varietal, — rather  less  olivine 
remains  unchanged,  and  the  slides  have  a  rather  greener  hue  ;  this 
oolour  here  and  there  occurring  rather  markedly  in  little  filmy 
patches,  as  if  a  small  amount  of  a  chloritic  mineral  were  present. 

Professor  Heddle  gives  an  analysis  of  this  bastite,  freed  as  far  as 
possible  *'  from  the  dark  serpentinous  rods  which  penetrate  the 
mineral  in  so  singular  a  manner  "  (these  of  course  are  the  included 
grains  of  serpentinized  olivine). 

By  the  side  of  it  (I.)  I  place  for  comparison  an  analysis  (II.)  of 
the  bastite  from  Baste  ^  (Edhler,  quoted  by  Dana,  Mineralogy,  p.  469) : 

I.  II. 

SiO»  38186  43-90 

AlaOj  2-178  1-60 

CtjO,  -276  2-37 

FeaO,  -028  

FeO  8-479  10*78 

MnO  -613  -66 

CaO  2-912  2-70 

MgO  31-418  26-00 

KjO  1-401)  ... 

Na,0  066>  *' 

HaO  14030  12-42 


100-486  100-69 

Enstatite,  more  or  less  altered,  is  common  in  British  serpentines, 
but  this  is  the  first  instance  I  have  seen  of  the  varietal  form  bastite, 
— if  we  restrict  this  name  to  the  large  grains  with  inclusions  of 
niore  or  less  altered  olivine. 

I  pass  on  now  to  the  rock  of  the  Black  Dog.  This,  according  to 
Professor  Heddle,  '*  consists  of  crystals  of  talc,  matted  in  such  con- 
fusion as  to  form  .both  a  tough  and  a  hard  rock."  As  talc  is  about 
the  lowest  mineral  in  the  scale  of  hardness,  and  its  allies  steatite, 
agalmatolite,  etc.,  are  all  rather  soft ;  and  as  minerals  do  not 
generally  change  their  physical  characteristics,  however  confusedly 
they  may  be  matted,  I  looked  forward  to  the  examination  of  the 
Black  Dog  with  much  interest.  Wet  as  it  was  with  waves  and  rain, 
I  could  only  see  that  it  was  a  mottled  dull-green  to  black  rock, 
sparsely  speckled  with  small  scales  of  a  silvery  mica,  and  not  unlike 
the  troktolite ;  when  dry,  however,  it  appeared  slightly  foliated  in 
structure.  Smoothed  by  the  action  of  the  waves  it  presented 
but  few  prominences.  Selecting  one  of  the  least  unhopeful  I  en- 
deavoured to  detach  a  specimen.  A  very  few  minutes  sufiQced  to 
show  the  impossibility  of  any  form  of  talc  being  the  dominant 
mineral.  I  plied  vigorously  a  fairly  heavy  hammer  for  about  five 
minutes,  first  at  one  place,  then  at  another  hard  by  it,  with  only  this 
result: — that  I  detached  one  chip  about  as  large  and  as  thick  as 
a  florin  and  a  number  of  tiny  splinters.     The  latter  had  set  their 

^  Comparison  of  these  renders  it  highly  prohahle  that  II.  was  more  completely 
freed  from  the  oliyine  grains  than  I. 
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mark  effectnallj  on  my  right  hand  in  the  form  of  three  outs,  one 

?retty  deep.  At  last,  after  one  or  two  more  unsucoessful  attempts, 
secured  a  moderate-sized  fragment  of  a  rock  which  I  may  Mriy 
describe  as  one  of  the  hardest  and  toughest  that  I  have  ever  assailed. 
It  needed  but  a  glance  to  show  that  the  rock  was  highly  crystalline, 
and  quartzose,  without  any  mineral  that  could  possibly  be  compared 
with  talc,  except  the  not  very  abundant  silvery  mica.  I  believe 
there  is  only  one  Black  Dog,  or  I  should  have  supposed,  so 
obviously  incorrect  is  Prof.  Heddle*s  statement,  that  he  were  speak- 
ing of  some  other  rock. 

The  rock  on  a  smoothed  surface  has  a  dull  grey  or  bluish-grey 
colour,  mottled  or  rather  streaked  in  an  irregular  fibrous  manner 
with  a  darker,  almost  green-blcusk  tint,  and  spangled  with  a  few 
small  flakes  of  a  silvery  mica.  A  broken  surface  exhibits  a  more  or 
less  crystalline  structure,  with  an  irregular  fracture,  as  if  the  com- 
ponent minerals  were  tough  and  had  been  torn  asunder  rather  than 
snapped.  On  these  surfaces  the  grey  assumes  a  rather  more  dis- 
tinctly violet-blue  tint  The  outer  part  and  the  surfaces  of  fissures 
are  stained  brown.  The  slides,  viewed  with  reflected  light,  in 
certain  positions  also  exhibit  in  parts  a  slightly  bluish  hue.  This  is 
very  faint,  but  I  think  indubitable,  and  much  resembles  the  peculiar 
violet-blue  of  some  varieties  of  cordierite  (iolite). 

On  examining  the  elide  with  a  one-inch  objective,  by  transmitted 
light,  we  see  a  number  of  wavy,  more  or  less  translucent  subparaUel 
streaks,  varying  in  colour  from  dull  light-brown  to  dusky  grey, 
which  have  a  fibrous  aspect  and  evidently  consist  of  fine  aggregated 
hair-like  minerals  which  stick  out  in  the  streaks  in  various  directions, 
though  on  the  whole  they  maintain  the  same  general  orientation. 
We  may  in  fact  compare  the  streaks  to  rather  matted  locks  of  hair, 
^tween  these  is  a  mineral  generally  clear,  but  sometimes  a  little 
dirty-looking,  which  occasionally  exhibits  a  granular  structure; 
among  both  these  a  number  of  black  grains,  sometimes  more  or 
less  rounded,  sometimes  angular,  are  scattered  rather  irregularly. 
Here  and  there  we  observe  a  mineral  resembling  a  white  mica  in 
detached  crystals,  with  irregular  patches  of  a  rather  gummy- looking 
yellowish -brown  mineral,  and  some  small  crystals  of  a  brown  mica. 

After  a  careful  examination  of  the  hair-like  mineral  with  high 
powers,  I  have  come  to  the  conclusion  that  in  all  probability  the 
greyer  and  the  browner  patches  are  alike  aggregates  of  the  acicular 
microliths  which  project  from  the  edge,  but  possibly  the  latter 
may  be  darkened  in  colour  by  the  inclusion  of  some  exceedingly 
minute  ferrite  (though  even  with  a  one-eighth  objective  I  can  make 
out  nothing  definite  beyond  the  crowded  microliths) ;  and  that  we 
may  safely  regard  this  mineral,  so  abundant  in  the  slide,  as  a  variety 
of  fibrolite.  It  is  almost  exactly  like  that  in  the  cordierite-gneiss 
of  Bodenmais,  which,  however,  sometimes  has  the  microliths  of 
larger  size,  resembling  those  in  a  typical  specimen  of  fibrolite  from 
the  same  locality,  which  I  have  in  my  collection. 

Among  the  colourless  minerals  I  notice  that  a  fair  proportion 
have  one  well-defined  cleavage,  while  of  the  remainder,  some  present 
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only  faint  indioations  of  it,  or  indioate  no  more  than  a  tendency  in  a 
parallelism  of  included  microliths,  while  others  show  no  sign  at  all. 
Among  the  first,  some  are  certainly  the  white  mica,  the  larger  grains 
of  which  are  visible  to  the  anaided  eye.  These  give  bright 
colours  with  crossed  Nicols,  extinguish  parallel  with  the  cleavage 
planes,  and  have  a  rather  spangled  or  satiny  aspect,  even  at  the 
moment  of  extinction.  In  a  word  this  mineral  reminds  me  in  its 
general  aspect  of  a  hydrous  mica,  and  is  not  unlike  paragonite.  But 
there  is  another  well-cleaved  mineral,  which,  though  showing  bright 
colours  and  well  cleaved,  gives  more  uniform  tints,  and  I  think  more 
frequently  contains  inclosures  of  fibrolite  than  the  mica.  I  suspect 
this  to  be  kyanite.  Of  the  remaining  clear  grains,  including  some 
without  visible  cleavage,  the  extinction,  where  cleavage  planes  are 
visible,  is  parallel  with  thetn.  The  colours,  though  they  have 
a  general  resemblance  to  those  of  quartz,  are  rather  more  intense 
than  is  usual  with  it.  Tbe  mineral  also  is  not  quite  so  clear  and 
glass-like,  and  not  seldom  gives  indications  of  incipient  decompo- 
sition. This  I  consider  to  be  very  probably  iolite.  Other  grains, 
however,  are  certainly  quartz.  The  black  granules  are  an  iron 
oxide,  and  are  probably  in  great  part  haematite.  As  pyrrhotite  is 
present  at  Bodenmais,  I  have  looked  carefully  for  this  mineral,  but 
cannot  detect  it.  The  yellow -brown  mineral  occurs  in  irregular 
filmy  patches  and  exhibits  no  definite  structure.  With  crossed  Nicols, 
it  either  remains  dark,  or  gives  very  faint  indications  of  an  aggregate 
structure.  Some,  I  feel  sure,  is  a  staining  of  haematite  or  liraonite. 
This  also  occurs  in  some  of  the  Bodenmais  rock.  The  brown  mica 
calls  for  no  special  remark. 

A  few  other  microlithic  minerals  are  present  which  I  am  not  able 
to  identify  with  precision.  In  one  slide,  however,  I  find  a  single 
instance  of  a  peculiar  mineral.  It  is  a  patch  of  irregular  outline, 
(including  several  of  the  black  grains,  with  little  if  any  fibrolite),  in 
diameter  about  '07  inch,  with  one  or  two  small  outliers — cleavage 
very  dubious,  possibly  indications  of  two  meeting  at  angles  not  very 
far  from  90° — pale  puce-grey  or  dove-coloured  by  ordinary  trans- 
mitted light — strongly  dichroic— extinction  seemingly  parallel  with 
the  best  indicated  cleavage,  which  corresponds  with  a  slightly  fibrous 
appearance,— dull  olive-green  for  vibrations  perpendicular  to  this ; 
light  dove-coloured  or  puce-brown  for  parallel  vibrations.  The 
general  look  is  like  that  of  a  mica  in  which  the  usual  basal  cleavage 
is  not  distinctly  shown,  as  is  the  case  with  some  of  the  brown 
mica  in  the  slide. 

As  the  fibrolite  appears  to  be  present  not  only  in  the  altered  iolite, 
but  in  the  quartz  and  in  these  streaky  masses,  it  is  probably  of 
independent  origin. 

We  may  then,  I  think,  confidently  affirm  that  this  Black  Dog  rock 
principally  consists  of  fibrolite  (sillimanite),  iolite  more  or  less 
altered,  quartz,  and  some  micas. 

The  above  described  slides  present  considerable  resemblances 
to  some  from  the  cordierite-gneiss  of  Bavaria.  Some  of  the  latter 
cpntain  very  conspicuous  cordierite,  but  others  almost  exactly  re- 
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semble  the  Blaok  Dog  rock,  and  theae  abound  in  the  minute,  thickly 
Aggi^gAted  fibrolite.  There  is  a  generally  similar  association  of 
minerals  in  the  cordierite-gneiss  of  Galgenberg.  I  am  greatly  in- 
debted to  Professor  Judd  for  the  loan  of  additional  slides  of  the 
Black  Dog  rock,  made  from  my  specimens,  and  for  a  series  of 
slides  of  cordierite  rock  from  the  above-named  localities,  and  from 
Burgstadt  (near  Chemnitz),  Penig,  Orijesvi  (Finland),  and  Sertndalen 
(Sweden). 

About  half-way  between  the  Black  Dog  rock  and  the  mouth  of 
the  Don, — and  so  about  half  a  league  N.  of  the  latter,  sundry  blocks 
of  a  dark  rock  are  strewn  on  the  shore,  some  of  considerable  size. 
One  is  apparently  a  dark  gneiss,  others  are  evidently  an  igneous  rock. 
I  collected  two  varieties,  one  representing  the  two  largest  blocks 
which  lie  close  together,  as  though  they  had  once  formed  a  single 
mass.  It  is  a  heavy  dark  green  rock  speckled  vnth  grains  of  a  lighter 
colour,  weathering  brown.  The  following  is  a  description:— holo- 
crystalline,  structure  intermediate  between  granitoid  and  ophitio, 
consists  mainly  of  labradorite,  augite  and  some  olivine.  The  labrado- 
rite  is  well  preserved,  exhibiting  the  usual  lamellar  twinning  and 
very  bright  colours  with  the  crossed  Nichols ;  the  augite,  or  rather 
diallage,  for  the  pinacoidal  cleavage  is  generally  well  developed  at  the 
expense  of  the  prismatic,  is  light  brown-coloured  in  many  of  the 
grains,  and  exhibits  the  **  schillerization  "  to  which  Prof.  Judd  has 
lately  drawn  attention ;  the  olivine  (not  abundant)  has  its  cracks 
bordered  with  a  staining  of  opacite ;  some  parts  are  converted  into  a 
dull  brownish-green  serpentine,  but  others  are  very  well  preserved. 
A  few  larger  granules  of  black  iron  oxide  occur  in  the  slide. 
Another  specimen  of  a  finer-grained  rock  contains  no  olivine,  but  a 
little  brown  mica ;  the  pyroxenic  mineral  also  is  partly  diallage, 
partly  a  mineral  of  the  hypersthene  group,  probably  allied  to  the 
variety  called  amblystegite ;  it  is  distinguished  by  a  more  marked 
dichroism,  altering  from  a  pale  greenish  to  a  bluish  hue,  and 
extinguishes  parallel  with  the  pinacoidal  cleavage.  The  mode  of 
occurrence  of  the  two  minerals,  which  are  not  always  easy  to 
distinguish,  is  very  similar,  and  they  appear  to  have  consolidated  as 
nearly  as  possible  simultaneously.  There  is  also  some  apatite  in  the 
slide,  and  as  usual  some  grains  of  iron  oxide. 

III. — Ok  thb  Obganization  and  Eoonoht  of  the  Qbaptolithii)A. 
By  Dr.  Otto  Hbrrmamk.^^ 

IN  the  first  place,  let  us  obtain  a  clear  idea  of  a  Graptolite,  and  for 
this  purpose  we  will  consider  two  members  of  the  family 
Dichograptides,  namely,  Dtdymograptua  vacillans,  Tullb.  (Fig.  2, 
p.  452),  and  Dichograptus  octobrachiatus,  Hall  (Fig.  1,  p.  449). 

The  entire  polypidom  (Hydrosoma,  polypary,  Frond,  "  polypier," 
"  polypariet ")  proceeds  from  a  simple,  hollow  cone  (sicula,  "  Fuss," 
**  Haftorgan,"  Radicle  or  initial  point  ex  parte),  which,  in  the  com- 

^  The  second  chapter  of  Dr.  Otto  Herrmann's  memoir  on  the  Dichograptids, 
the  first  chapter  of  which  appeared  in  this  Magazine  for  Septemher,  1885. 
Translated  from  the  Nyt  Magazin  for  Katurvidenskabeme,  toL  xzix.  pp.  160-176. 
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pressed  state,  presents  itself  as  a  pointed,  dagger-shaped  organ 
(Fig.  2  »,),  In  its  external  wall  a  bacilliform  axis  (virgula,  solid  axis 
**  axe  solide  ")  is  developed,  and  two  embryonal  buds  soon  begin  to 
sprout  forth  from  the  sicula,  become  converted  into  cells  (Hydrothecas, 
"Zahne,"  denticles,  calycles,  "cellules,"  "Thekoma"),  and  form 
the  commencements  of  two  branches  ("Arme,"  "Zweige,"  stipes, 
branches,  "  Grename  ")  diverging  at  a  definite  angle.  Each  of  these 
branches  represents  a  tube,  the  cavity  of  which  ("  Gemeinsamer 
Canal,"  common  canal,  "  Canal  commun  ")  is  occupied  by  the  soft 
animal  proper  (ccenosarc).  The  axis  lies  upon  the  dorsal  surface  of 
the  branch  ;  opposite  to  it  are  the  hydrothecad  arranged  in  consecu- 
tive order  (Monoprionidian  Graptolites).  The  walls  of  the  canal  in  the 
living  state  were  chitinous  ('*  Skeletbildende  Substanz,"  "  Haut," 
"  Schale,"  periderm,  perisarc,  test),  and  consist  of  three  laminse. 
In  most  cases  the  branches  in  growing  did  not  continue  simple,  but 
forked;  the  forks  thus  formed  might  divide  again,  etc.  By  two 
such  divisions  an  eight-branched  form  is  produced  {DichograptuB 
octobrachiatus,  Hall,  Fig.  1).  It  has  been  thought  that  the  basal  parts 
of  the  branches  in  many  ramified  Graptolites  were  free  from 
liydrothec89,  and  this  **  naked "  part  has  been  named  the  stem 
(*'  Stiel,"  funiculus,  funicle).  In  some  species  these  basal  parts  of 
the  branches  are  united  by  a  chitinous  membrane  (Discus,  central 
disc,  corneous  disc,  Fig.  1). 

In  what  follows  we  shall  chiefly  employ  the  nomenclature 
established  by  Allman  and  others  for  the  different  parts  of  a  Hydroid 
Polyp. 


Fio.  1.  Liehograptm  oetobraehiatusj  Hall,  from  the  FhyUograpiut'thdleti  Galgenberg, 
Christiania.    Natural  size.     Original. 

The  Sioula. — The  inconspicuous  organ  to  which  Lapworth  has 
given  the  name  of  the  Sicula,  and  which  early  attracted  the  attention 
of  palsBontologists,  but  under  the  names  of  **  Haftorgan,"  '<  radicle," 
etc.,  has  received  a  false  interpretation,  has  now,  since  the  recognition 
of  its  true  significance,  and  of  the  part  it  plays  in  the  development 
of  the  polypidom,  taken  a  prominent  position  among  the  organs  of 
the  animal-colony.  If  we  have  to  decide  whether  fragments  of 
Graptolites  that  may  be  met  with  belong  to  the  single-branched 
family  Monograptidse,  Lapw.,  or  are  fragments  of  branched  Grapto- 
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lites,  this  cannot  be  done  until  the  discoTery,  upon  one  of  the 
fragments,  of  this  organ,  the  presence  of  which  proves  the  com- 
pleteness of  the  proximal  extremity,  or  until  we  find  two  snch 
braDches  held  together  by  this  dagger-shaped  organ ;  in  the  former 
case  we  have  to  do  with  a  species  of  the  MonograptidsB ;  in  the 
second  with  a  species  of  one  of  those  families  which  include  two- 
branched  forms. 

The  sicula  has  another  significance  as  a  dassificatory  element 
It  has  been  shown  that  the  further  development  of  the  hydrosoma, 
which  is  commenced  by  the  sprouting  of  the  primordial  buds,  does 
not  always  proceed  from  exactly  the  same  spot  in  the  sicula,  hot 
that,  in  certain  groups,  which  may  even  show  agreement  in  their 
other  characters,  it  commences  at  different  points  of  the  margins  of 
the  sicula.  In  the  fixing  of  the  angle  of  divergence  between  the 
branches  of  the  ramified  Graptolites,  the  sicula  also  plays  an 
important  part. 

The  conditions  here  indicated  involve  a  number  of  questions  which 
we  find  answered  in  different  senses  by  different  authors,  and  some 
of  which  have  been  the  subjects  of  lively  controversy,  without  any 
accordant  and  satisfactory  answer  being  arrived  at  It  therefore 
appears  to  me  worth  while  to  examine  some  of  these  unsettled 
questions  in  detail,  and  to  show  what  views  in  my  opinion  deserve 
the  most  consideration. 

In  the  first  place  we  must  glance  briefly  at  the  question  whether 
the  Graptolites  were  attached  by  the  sicula  to  the  sea-bottom  or  to 
some  foreign  object.  Ball,  who  figured  Graptolites  with  the  sicula 
as  long  ago  as  1847,  in  1865,  in  his  great  work,^  expressed  the 
opinion  that  some  species,  and  especially  those  of  the  family  Dicho- 
graptidjB,  Lapw.,  in  the  early  period  of  their  growth,  were  seated 
temporarily  upon  the  sea-bottom  or  upon  foreign  objects.  Richter, 
who,  in  1850,  figured  the  sicula  in  Thuringian  forms,  characterizes 
the  organ  as  the  "foot"  (Fuss)  or  "adherent  organ"  (Haftorgan), 
names  which  of  themselves  involve  the  conception  of  its  function. 
Scharenberg,'  in  1851,  writes  that  in  many  species  this  appendage 
indicates  a  tolerably  firm  adhesion,  but  in  others  only  a  loose  insertion 
into  the  muddy  sea-bottom.  Geinitz,  in  1852,'  says  that  the  genera 
Diplograptu9  and  Didymograpius  (Cladograptus)  had  "their  lower 
extremity  plunged  into  the  sand  or  mud."  Nicholson  (1872)* 
believes  that  the  "radicle"  in  some  forms  of  the  genus  Didymo- 
grapius, M'Coy,  served  as  an  adherent  organ,  but  that  other  genera, 
such  as  Monograptus,  G^in.,  and  Ccenograptus,  Hall,  were  not  attached 
by  that  organ. 

More  recently  an  opinion  has  made  much  way  that  all  Graptolites 
provided  with  a  sicula  inhabited  the  sea  as  non-attached  organisms, 
and  that  the  discovery  of  the  sicula  on  imperfectly  known  forms  of 

>  Figures  and  Descriptions  of  Canadian  Organic  Bemains,  Deo.  iL,  Graptolites  of 
the  Quebec  Group,  Montreal,  1865. 
2  Ueber  Graptolithen,  etc.,  Breslau,  1861. 

'  Die  Yersteinerungen  der  Grauwackenformation  in  Sacbsen:  I.  Graptolithen,  p.  17. 
4  Monograph  of  the  British  GraptoUtidse,  p.  63. 
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the  true  Oraptolites  or  GraptoHte-like  organisms  will  furnish  a 
proof  of  their  former  free  mode  of  life. 

In  many  genera  {Didymograptus,  Dicellograptus,  Coenograptua,  etc.) 
the  sicula  runs  out  into  a  point  as  sharp  as  a  hair ;  in  other  forms 
(e.g.  Diehograptua  octohrachtatua.  Hall,  Galgenberg,  Christiania)  it  has 
acquired  the  form  of  a  round  knot  or  knob ;  in  other  species  again 
(e.g.  species  of  Tetragraptus)  it  entirely  disappears  in  full-grown 
individuals,  although  the  spot  at  which. we  ought  to  look  for  it 
is  quite  uninjured.     All  this  speaks  against  a  former  attachment 

We  now  aasume  that  all  Graptolites  provided  with  a  aicfda  were  not 
attached  bodies. 

It  is  indeed  conceivable  that  we  have  an  analogy  with  existing 
Coelenterata,  in  which  also  attached  forms  (these  would  correspond 
to  the  arborescent  Graptolitiform  organisms)  are  known,  as  well  as 
forms  which  are  inserted  into  the  mud,  and  perfectly  free.  But 
whether  they  pierced  into  the  mud  of  the  sea-bottom  with  the  sicula, 
or  whether  the  Graptolites  kept  at  small  depths  like  a  Cartesian 
diver  in  a  vessel  of  water,  will  depend  upon  how  far  down  in  the 
deep  seas  of  that  time,  the  element  of  the  Graptolites,  organic 
existence  was  possible. 

Anglb  op  Divbrgenob. — Before  we  advance  to  the  definition  of 
the  angle  of  divergence  in  the  branched  Graptolites,  we  must  make 
out  clearly  what  part  of  the  hydrosoma  we  are  to  regard  as  the  sicula 
in  the  different  groups  of  Graptolites,  seeing  that  the  sicula  and 
angle  of  divergence  stand  in  the  closest  relation  to  each  other. 

In  most  genera,  as,  for  example,  Bidymograptus,  M*Coy,  ZHcrano- 
graptnsy  Hall,  Diplograptus,  M*Coy,  and  MonograptuSj  Gein.,  there 
is  no  doubt  about  this,  but  not  so  in  the  genus  Dicelhgraptus,  Hopk. 
The  situation  of  the  sicula  here  has  been  a  question  in  dispute,  and 
indeed  because  in  that  genus  there  are  often  four  processes  at  the 
point  where  the  two  branches  grow  together,  one  of  them  situated 
on  the  dorsal  side  of  the  branches,  and  three  upon  the  cell-bearing 
Tentral  side  (Fig.  3).  Hopkinson,  who  in  1871  ^  separated  the  genus 
Dicellograptus  from  the  Didymograpti,  considers  the  middle  one  of 
the  three  spines  which  are  placed  side  by  side  to  be  the  sicula 
("  radicle  **),  and  defended  his  idea  warmly  against  Nicholson,  who,* 
in  some  of  the  forms  now  referred  to  Dicellograptus  (e.g.  D.  ancepSj 
Nich.),  regarded  the  process  on  the  dorsal  side  of  the  branches 
(Hopkinson's  "  axillary  spine  ")  as  the  embryonal  piece.  Nicholson, 
himself,  however,  is  not  consistent  in  his  mode  of  designation, 
seeing  that  in  other  evidently  nearly  allied  forms  (e.g.  D.  divaricatus. 
Hall)  he  regards  the  middle  one  of  the  three  spines,  in  agreement 
with  Hopkinson,  as  the  sicula.  Carruthers,  in  opposition  to 
Hopkinson,  regards  the  spine  in  the  axillary  hollow  of  the  branches 
as  the  sicula;  and  Lapworth  also  expresses  himself  in  the  same 
sense,  writing  as  follows : ' — *^  It  is  simply  this  persistent  sicula 
which  constitutes  the  *  axillary  spine '  in  JDicellograptus.** 

'  "On  Dicellograptus,  a  new  genus  of  Graptolites,"  Gbol.  Mao.  Vol.  VIII. 
(1871),  No.  1.  «  "  Monograph  of  the  British  Graptolitid©  "  (1872),  p.  66. 

'  "Notes  on  British  GraptoUtes,^'  Gbol.  Mao.  Vol  X.  (1873),  p.  601. 
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In  the  first  place  it  must  be  noted  that  the  presence  or  absence  of 
this  so-called  axillary  spine  cannot  at  all  affect  the  decision  of  the 
question  whether  we  have  or  have  not  to  regard  it  as  the  sicula,  as 
not  only  this  process,  but  also  the  middle  one  of  the  three  processes 
placed  side  by  side,  is  sometimes  to  be  found,  sometimes  not  This 
is  shown  by  Nicholson's  figure  ^  of  D,  Bextans,  HalL 

But  if  we  compare  the  figures  here  given  (Figs.  2-6)  of  repre- 
sentatives of  various  genera,  the  decision  of  the  question  before  us 
seems  to  proceed  directly  from  them.  Dicellograptus,  Hopk.,  occupies 
a  middle  position  between  Didymograptus,  M*Coy,  and  DicranograptuB^ 
Hall ;  it  is  placed  in  the  immediate  vicinity  of  the  latter  genus,  and 
both  are  referred  to  the  same  family.  In  Didymograpius  the  sicula  is 
quite  visible,  and  no  doubt  is  possible  as  to  its  position ;  in  Dicrano- 
graptus  the  lower  part  of  the  two  branches  has  grown  together,  and 
the  sicula  is  thus  imbedded.  In  the  first  case  the  pointed  end  of  the 
sicula  is  actually  upon  the  dorsal  side  of  the  branches,  theoretically 
also  in  the  second.  In  Dicellograptus,  Hopk.,  the  same  position  is 
occupied  by  the  **  axillary  spine."    This  is  consequently  the  true  stctrZo. 


\A/ 


Fio.  2.  Didymograptut  vaeillant,  Tnllb.,  FhyUograptui  shales,  Norway.    Nat.  size. 

Original. 
„     3.  Dieellograptua  Forehhammeri^  Gein.,  Ireland.     Nat.  size.    After  Lapwortb. 
,,    4.  Lioranograptut  ramosus,  Hall,  Hudson  Biver  Group,  Canada.     Nat.  size. 

After  HaU. 
„     6.  Liplograptut  anguatifoliusy  H.,  Ireland.     Nat.  size.    After  Lapwortih. 
,,    6.  Monograptus  gregariu9y  Lapw.,  Upper  Silurian,  Scotland.  Enlarged.   After 

Lapworth. 

We  find  a  still  greater  difference  of  opinion  when  we  endeavour 
to  make  out  what  the  various  authors  understand  by  the  angle  of 
divergence.  Not  only  do  the  individual  naturalists  support  different 
views,  but  even  one  and  the  same  author  defines  the  idea  of  the  angle 
in  question  differently  in  different  parts  of  his  writings.  Hopkinson, 
for  example,'  in  1871,  explains  with  regard  to  the  genus  Didymo- 
graptuSf  M*Coy,  that  the  angle  of  divergence  is  the  "  angle  included 
within  the  polypiferous  margins  of  the  branches  "  ;  but  on  a  subse- 
quent occasion  '  he  says  that  in  the  genus  Didymograptus,  M*Coy, 

^  Monograph  of  the  British  Graptolitidse,  p.  63. 
«  "  On  Bictllograptw;'  Geol.  Mao.  Vol.  VIII.  (1871),  p.  22. 
»  **  On  the  Graptolites  of  the  Arenig  and  LlandeUo  Eocka  of  St  David's,"  Quart. 
Joum.  Geol.  Soc.  toI.  xxxi.  (1876),  p.  640. 


Digitized  by 


Google 


Dr.  0.  Herrmann — Dktnbution  of  GraptoUtes.        453 

"  the  angle  of  divergence  is  gradually  carried  through  the  various 
species  from  180^  almost  to  360^/'  which  is  as  much  as  to  say  that 
the  angle  of  divergence  is  the  angle  formed  by  the  dorsal  "non- 
polypiferous  "  margins  of  the  branches. 

Several  authors,  in  order  to  arrive  at  a  definition  of  the  angle  of 
divergence,  have  started  from  the  genus  Diplograpius,  M*Coy  (Fig.  5), 
assumed  the  angle  in  question  here,  as  shown  in  the  figure,  to  be  Q^, 
and  then  proceeded  to  Dicranograptm,  Hall,  Dicellograptua,  and 
Didymograptu8,  and  found  for  these  genera  the  magnitudes  0°, 
^^180°,  ^  180*,  and  7  180°  to  /:  360°. 

Another  mode  of  definition  seems  to  me  to  recommend  itself  as 
the  more  natural.  The  oldest  two-branched  Graptolite  genus,  which 
first  of  all  induces  us  to  think  over  the  angle  of  divergence,  is  the 
genus  Didymograptu8f  M'Coy.  If  we  have  an  example  of  this  genus 
before  us  (Fig.  2),  we  shall  find  it  natural  at  the  first  glance  to  give 
as  the  angle  of  divergence  the  angle  which  the  branches  form  on  their 
cell-bearing  side.^ 

The  younger  two-branched  Oraptolites  following  Didymograptus, 
M*Coy,  in  the  sedimentary  deposits,  the  DicellograpU  (Fig.  3)  may 
then  be  regarded  as  Didymograptt  the  branches  of  which  are  bent 
further  back.  The  above-indicated  angle  between  the  cell-bearing 
margins  of  the  branches  has  become  7  180^.  In  IHcranograptuat 
Hall,  only  the  distal  parts  of  the  branches  are  in  divergence,  and 
the  angle  here  formed  by  the  cell-bearing  margins  of  the  branches 
(Fig.  4)  varies  between  the  same  limits  as  in  Dicellograptua,  Hopk. 
The  basal  parts  of  the  branches  in  Dicranograptus  have  grown 
together  by  their  dorsal  margins,  so  that  the  cell-bearing  margins 
form  an  angle  of  360^.  Lastly,  the  genus  Diplograptua  (Fig.  5), 
which  represents  the  Graptolites  in  their  most  perfect  development, 
no  longer  possesses  any  visibly  diverging  branches  ;  but  the  theo- 
retical angle  of  divergence  at  which  we  have  arrived  step  by  step, 
from  the  genus  Didymograptua,^  through  DiceUograptus  and  Dicrano- 
graptua,  amounts  to  360^  In  Monograptua,  Grein.  (Fig.  6),  we 
cannot  speak  even. of  a  theoretical  angle  of  divergence. 

This  conception,  which  takes  into  account  the  geological  age  of  the 
genera  of  Graptolites,  may  perhaps  deserve  consideration.  Under 
the  term  angle  of  divergence  toe  therefore  underatand  the  angle  formed 
by  the  cell-bearing  margina  of  the  branchea.  This  is  as  follows  for  the 
genera: — DidymograptuayWGoy  =  70°  to  180°. 

Dicellograptua,  Hopk.   =  180°  to  ^  360°. 
DicranograpUia,  Hall    =  360°  and  180°  to  jC  360*. 
Diplograptua,  M'Coy     =  ?60°. 

^  The  qnestion  of  the  angle  of  divergence  appears  to  me  to  be  a  comparatively 
simple  matter.  Leaving  out  of  consideration  the  two  sides  of  the  branches,  the  an^le 
of  divergence  is  that  formed  by  the  axial  lines  of  the  branches  at  their  meeting-pomt 
in  the  sicula.  Assuming  the  two  branches  to  grow  quite  straight  out  from  the  sicula, 
there  will  be  no  angle  of  divergence  (0°),and  the  celluliferous  margins  will  be  in 
contact ; — then,  as  the  branches  diveree,  sweeping  round  the  imaginary  circle  of  which 
the  sicula  is  the  centre  (of  course  in  uie  direction  of  the  non-ceUuliferous  margin,  as 
otherwise  they  would  have  to  cross  each  other),  these  axial  lines  will  form  gradually 
increasing  angles,  until  the  dorsal  marnns  oome  close  together,  when  we  get  360°  as 
in  fig.  5.  Boughly  speaking,  the  angles  shown  in  the  figures  would  be,  for  fig.  2, 
about  90° ;  fig.  8,  about  270° ;  fig.  4,  360°,  and  330° ;  and  for  fig.  6,  360°.— W.8.D. 
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Ab  regards  the  former  position  of  the  Graptolites  in  the  living  state, 
two  different  views  are  extant.  Hopkinson,  Lapworth,  and  Zittel 
represent  all  Graptolites  with  the  acute  extremity  of  the  sicula 
always  directed  upwards,  and  state  that  in  their  opinion  the  Grapto- 
lites formerly  lived  in  this  position.  A  Didymograptu$  consequently 
turned  the  point  upwards,  and  the  two  branches  grew  downwards. 
Other  naturalists,  as,  for  example,  Hall,  Nicholson,  TuUberg,  Linnars- 
son,  and  Brogger,  choose  such  a  position  that  the  sicula,  regarded  as 
a  point,  is  always  placed  below,  while  the  branches  stretch  upwards. 

Direct  evidence  as  to  the  correctness  of  one  or  the  other  view 
cannot  be  obtained,  seeing  that  from  the  position  in  which  we  now 
find  their  remains  in  the  rock,  we  cannot  ascertain  what  position  the 
living  animals  took  in  the  Silurian  sea.  After  their  death  they  fell 
to  the  bottom,  and  then  laid  themselves  upon  one  side.  Even  in  the 
expanded  much-branched  Dichograptidaa,  the  appearance  of  which, 
especially  when  a  central  disc  is  present,  may  have  had  some  re- 
semblance to  that  of  a  Medusa,  no  conclusion  as  to  their  former 
position  can  be  drawn  from  their  present  position  upon  a  rock- 
surface. 

The  zoologists,  however,  refer  to  the  fossils  of  arborescent  foma 
which  are  certainly  very  nearly  allied  to  the  Oraptolites,  and  lived 
at  the  same  time  with  them.  These,  such  as  LendrograptM  ierpeng, 
Hopk ,  possess  a  true  stem  from  which  branches  and  twigs  issue 
at  one  end,  while  the  other  end  terminates  in  a  radiciform  nodule. 
These  forms  may  very  probably  have  been  attached,  or  have  lived  so 
that  the  points  of  the  twigs  formed  the  superior  extremities,  but  not 
so  that  the  branched  part  was  turned  towards  the  depths,  and  the 
stem  with  its  nodose  termination  directed  upwards.  Here,  how- 
ever, the  nodose,  and  therefore  probably  the  lower  part,  was  un- 
doubtedly the  older,  i.e.  the  starting-point  In  Dictyograpitu,  Lapw., 
a  genus  which  is  also  abundantly  branched,  there  is  no  stem  bare  of 
branches  ;  in  it  the  whole  hydrosoma  runs  out  into  a  point  (sicula). 
This  is  also  the  starting-point ;  the  free  extremities  of  the  twigs  are 
the  younger  parts  of  the  hydrosoma.  If  we  place  the  starting-point 
below  in  this  case  also,  the  whole  hydrosoma  represents  a  funnel 
opening  upwards,  certainly  the  natural  position.  If  we  reason  in 
Irke  manner  in  the  case  of  Didymograptus,  eta,  there  also  the  sicula 
must  be  placed  at  the  bottom,  and  the  branches  and  hydrotheo» 
represented  as  stretching  upwards. 

We  have  therefore  regarded  the  sicula  as  an  equivalent  whole, 
without  taking  into  consideration  whether  the  budding  takes  place 
sometimes  at  its  pointed,  sometimes  at  its  broader  end.  Prof. 
Leuckart  very  kindly  called  my  attention  to  the  resemblance 
between  the  Graptolites  and  existing  animal  forms,  and  upon  the 
last-mentioned  point  I  have,  after  mature  consideration,  adopted, 
with  full  conviction,  the  views  of  my  honoured  instructor.  The 
Graptolites  have,  therefore,  always  been  figured  by  me  with  the 
sicula  below,  and  the  branches  directed  upwards. 

Funiculus. — Hall  has  given  the  name  of  *•  fnniculus  "  to  the  part 
of  the  hydrosoma  which,  in  the  forms  of  Dichograptidse  possessing. 
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four,  eight,  or  more  branohes,  nnites  the  two  symmetrical  halves,  as 
well  as  to  the  parts  of  the  branches  situated  nearest  to  the  furcation- 
points.  In  the  four-branched  species  the  uniting  transverse  beam  is 
said  to  be  always  destitute  of  cells ;  in  those  with  eight  and  more 
branches  neither  the  central  part  of  the  hydrosoma,  nor  the  portions 
of  the  branches  placed  between  the  divisional  points,  are  said  to  be 
cell-bearing,  but  the  cell-bearing  parts  or  ''true  branches"  only 
commence  beyond  the  last  furcation -point.  Hall  himself,  however, 
furnishes  an  exception  to  the  rule  thus  established.  The  above 
remarks  do  not  apply  to  Clonograpius  Milen,  Hall,  in  which  the 
hydrothecas  commence  immediately  beyond  the  first  furcation-point. 

Holm^  states  that  HalPs  assertion  has  also  proved  untrustworthy 
in  other  forms,  and  expresses  the  opinion  that  "in  many  cases, 
although  not  always,  hydrothec»  also  occur  even  upon  these  sup- 
posed naked  spaces."  He  has  actually  detected  distinct  hydrothecce 
npon  the  so-called  funiculus  in  a  Norwegian  species  of  SchizograptuSf 
Kich.  When  he  had  removed  the  periderm  by  means  of  a  brush,  he 
noticed  the  impression  of  a  small  hydrotheca  on  each  side  of  the 
sicula. 

The  instances  in  which  one  is  enabled  to  observe  the  under-surface 
of  the  so-called  funiculus  will  be  of  excessive  rarity  in  consequence 
of  the  repeatedly  noted  peculiar  position  of  the  branched  specimens. 
Nevertheless  it  has  appeared  to  me  as  if  in  my  young  individuals  of 
Tetragrapttu  quadribrachiatua.  Hall,  a  narrow  streak  of  a  hydrotheca 
peeped  out  here  and  there  beneath  the  transverse  beam. 

Several  specimens  in  my  possession  of  the  species  DtchograptuB 
octobrcuihiatus.  Hall,  and  D.  Kjerulfi,  Herrm.,  are  filled  up  with  the 
rock-mass  and  have  better  preserved  their  original  form.  At  the 
proximal  end  of  each  hydrotheca  we  observe  a  constriction  on  the 
dorsal  surface  of  the  branch  which  presents  itself  to  the  observer, 
so  that  the  branch  appears  to  consist  of  nothing  but  joints  inserted 
one  into  the  other,  like  the  stem  of  an  Equisetum.  These  depres- 
sions, each  of  which  therefore  corresponds  to  a  hydrotheca,  are  not> 
however,  found  exclusively  beyond  the  last  furcation -point,  but  also 
here  and  there  within  the  furcation-points  upon  the  branches,  a 
distinct  proof  that  even  the  first  divisions  of  the  transverse  beam, 
which,  according  to  Hall,  belong  to  the  "  funiculus,"  are  furnished 
with  hydro thec89.  In  the  specimens  which  give  rise  to  the  obser- 
vations just  cited,  the  transverse  beam  itself  unfortunately  was 
not  well  preserved,  so  that  it  could  not  be  decided  whether  this 
does  or  does  not  bear  hydrothecse.  It  may,  however,  be  assumed 
with  the  greatest  probability  that  this  is  the  case  here  as  in  many 
other  species.  Future  observations  will  bring  us  certainty  in  this 
direction. 

The  discovery  of  these  hydrothecsd  in  the  vicinity  of  the  sicula  is 
rendered  more  difficult  because  at  the  proximal  end  of  the  hydrosoma 
(as  at  the  distal  end)  the  hydrothecsd  gradually  diminish  in  size, 
and  are  sometimes  only  of  minute  dimensions.     Further,  it  may, 

1  "  Pterograptm,  ett  nytt  Gh-aptolitslagte,"  Ofr.  Kongl.  Vet.  Ak.  F6rh.  1881, 
No.  4. 
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howoTer,  be  iDdioated,  that  the  branohet  of  donograpins  mtdiifHex, 
Nioh.,  and  C,  flexilis,  Hall,  have  oells  between  the  furcation -points. 
Finally,  I  will  mention  that  a  Bpeoimen  of  Tetragraptus  frueticosngy 
Hall,  collected  by  myself,  distinctly  shows  a  hydrotheca  between  the 
sicula  and  each  of  the  two  furcation-points.  T.  fruetieoBUSy  Hall, 
as  is  well  known,  has  a  mode  of  ramification  different  from  that 
of  the  other  Teiragrapti,  for  which  reason  one  more  readily  manages 
to  6ee  the  hydrothecsd  in  profile.  The  branch-segments  situated 
between  the  sicula  and  the  furcation-points  are,  however,  here  the 
same  parts  of  the  hydrosoma  which  are  denominated  the  ''funiculus" 
in  the  other  Tetragrapti,  and  this  part  is  sometimes  oellnliferous  in 
T.  frueticosuSy  Hall. 

The  facts  brought  together  above  show  that  the  exceptions  to  Hall's 
rule  are  gradually  accumulating.  We  begin  to  feel  the  necessity  of 
dropping  the  definition  of  the  funiculus  as  a  cell-less  part  of  the 
hydrosoma ;  but  in  any  case  the  presence  of  such  a  naked  stem  is 
not  to  be  employed  as  a  means  of  separating  genera  and  species  from 
each  other.  The  species  founded  upon  such  a  criterion  runs  the  risk 
of  being  upset  by  every  fresh  observation. 

The  Central  Disc. — The  most  singular  of  all  the  parts  of  the 
Graptolite-body  is  undoubtedly  the  central  disc,  ue.  a  chit  incus  mem- 
brane, which,  in  some  much-branched  Dichograptid»,  is  extended 
between  the  basal  parts  of  the  branches.  This  peculiar  organ  was 
discovered  by  Hall,  and  gradually  detected  upon  five  different 
American  species  of  the  family  DichograptidsB,  Lapw.  Some  of  the 
American  disc-bearing  species  were  also  soon  found  in  the  English 
Silurian  deposits. 

For  the  palaeontologists  upon  the  continent  of  Europe  the  descrip- 
tion of  this  singular  appendage  had  a  peculiar  interest,  as  it  could 
not  but  be  suppo^d  that  similar  interesting  forms  would  be  dis- 
coverable in  the  strata  which  were  regarded  as  of  the  same  age  as 
these  American  and  English  deposits.  That  these  anticipations  were 
founded  upon  a  correct  assumption  was  shown  by  the  discovery  of 
a  comparatively  thin  but  most  productive  bed  of  the  expected  and 
wished  for  forms.  Those  of  this  locality  (Qalgenberg  in  Oslo, 
a  suburb  of  Christian ia;  Lower  Qraptolite-shales  of  Ejerulf ;  PhyUo- 
grapius-sheAes  of  Brogger)  contributed  to  the  completion  of  the 
analogy  between  the  Norwegian,  American,  and  English  strata  in 
question. 

The  number  of  species  of  Dichograptidce  with  a  disc  has  now  been 
raised  to  seven,  the  names  of  which  here  follow :  Tetragraptus  alatus. 
Hall,  T.  erucifer.  Hall,  T.  Headi,  Hall,  T.  approximatus,  Nich.,  Dicho- 
graptus  octobrachiatuSj  Hall,  D,  Kjerulfi,  Herrm.,  P.  (Loganograptus) 
Logani,  Hall.  In  specimens  of  Climacograptus  hicomis,  Hall,  also, 
a  similar  membrane  is  sometimes  observed,  enveloping  the  base  of 
the  celluliferous  stem  and  the  processes  issuing  from  tibe  stem  ;  and 
in  some  species  of  the  genus  DiceUograptus,  Hopk.  (e.g.  D.  Moffatensis, 
Carr.),  the  proximal  parts  of  the  two  branches  are  also  united  by 
a  similar  membrane. 

Hall,  to  whom  we  are  indebted  for  all  the  information  relating 
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to  tbe  diso,^  states  that  it  oonsists  of  two  laminas,  whicli  are  not 
united  to  one  another  in  the  central  part ;  and  he  is  of  opinion  that 
this  space  was  occupied  by  the  soft  part  of  the  animal  body. 

The  central  disc,  as  implied  in  its  name,  possesses  a  disc-like  form, 
in  the  centre  of  which  the  sicula,  the  starting-point  of  the  bydro- 
soma,  is  situated  (Fig.  1).  The  margin  of  the  disc  is  incurved 
between  every  two  branches,  so  that  the  many-branched  specimens 
present  the  aspect  of  an  open  umbrella.  The  diameter  is  of  very 
different  lengths.  In  specimens  with  long  branches  it  may  be  very 
small,  while  in  other,  short-branched  examples,  it  may  be  dis- 
proportionately large.  The  length  of  the  diameter  apparently  stands 
in  no  regular  proportion  to  the  length  of  the  branches,  t.«.  ^erefore 
to  the  age  of  the  individuals.  In  several  cases  the  formation  of  the 
disc  has  only  just  commenced  in  nearly  mature  specimens. 

Nevertheless  it  appears  distinctly  from  the  observations  that  the 
disc  can  acquire  greater  dimensions  the  greater  the  number  of  rami- 
fications, and  that  in  the  many-branched  forms  the  disc  is  far  more 
rarely  wanting  than  in  those  with  a  smaller  number  of  branches. 
As  we  find  individuals  in  various  stages  of  development  in  the  Grap- 
tolite-shales,  we  can  sketch  a  tolerably  distinct  picture  of  the  course 
of  development  of  the  disc 

In  individuals  which  have  died  in  their  earliest  yonth,  nothing  in 
the  shape  of  a  disc  is  to  be  recognized.  In  these,  no  secretion  of  the 
disc-substance  had  as  yet  commenced,  or  the  central  expansion,  if 
present,  was  deficient  in  preservable  hard  structures.  The  first 
traces  of  the  formation  are  perceptible  in  somewhat  more  mature 
specimens  on  the  margin  of  the  branches  in  the  vicinity  of  the 
sicula.  This  stage  of  development  is  represented  by  forms  in  which, 
in  the  compressed  state,  we  see  a  thin  membrane  stretched  between 
the  forks  of  the  branches,  that  is  to  say,  around  the  transverse  beam 
uniting  the  two  halves  of  the  bydrosoma,  and  on  the  proximal  parts 
of  the  8,  12,  or  more  branches. 

The  secretion  advances  further.  The  periphery  of  the  diso 
increased  ;  the  disc-substance  must  have  become  thickest  in  tbe 
neighbourhood  of  the  centre,  and  gradually  diminished  in  strength 
towards  the  margin.  We  consequently  meet  with  older  individuals 
in  which  the  central  part  of  tbe  disc  is  quite  opaque,  while  the 
marginal  parts  are  still  delicate  and  translucent. 

As  the  disc  attained  its  complete  development,  this  difference  in 
strength  disappeared  gradually,  the  marginal  parts  acquiring  a 
uniformly  greater  thickness  by  the  continued  advance  of  the 
substance  outwards  from  the  centre  ;  and  in  fact,  in  its  most  perfect 
development,  the  disc  forms  a  plate  of  uniform  thickness. 

But  as  a  secretion  of  chitine  could  not  proceed  from  the  solid 
margins  of  the  branches,  but,  as  zoology  teaches  us,  only  from  soft 
body-substance,  we  must  assume  that  the  disc,  as  indeed  Hall 
supposes,  was  filled  with  soft  substance  in  its  central  part.  But  how 
this  was  connected  with  the  coenosaro  of  the  polypary  has  not  yet 
been  ascertained. 

^  Geoloncal  Surrey  of  Canada :  Graptolites  of  the  Quebec  Group,  Montreal,  1865, 
and  Introduction  to  the  Study  of  the  Graptolites,  Albany,  1868. 


Digitized  by 


Google 


458  Dr,  0.  Herrmann — Distribution  of  OraptoliteB. 

With  regard  to  the  funotion  of  the  disc,  Hall  supposes  that,  on 
the  one  hand,  it  gave  solidity  and  support  to  the  basal  parts  of  the 
branches,  and  on  the  other  may  have  served  other  purposes  of  the 
animal  economy.  Such  subsidiary  functions  of  the  disc  may  have 
been  only  of  quite  subordinate  nature,  seeing  that  in  members  of 
one  and  the  same  species  the  disc  may  be  sometimes  present  and 
sometimes  entirely  absent,  and  its  development  commences  sometinaes 
in  quite  young  individuals,  sometimes  in  those  which  are  nearly  full 
grown.  But  as  the  disc  occurs  only  in  those  forms  in  which  the 
branches  are  remarkably  thin  in  the  neighbourhood  of  the  sioola, 
and  as,  in  consequence  of  the  branches  frequently  being  numerous 
and  long,  the  central  part  of  the  organism  had  no  small  amount  of 
resistance  to  furnish,  this  support  may  have  been  the  principal  if  not 
the  sole  destination  of  the  disc.  This  is  rendered  still  more  probable 
because  the  disc  never  oocurs  in  other  forms  which  possessed 
particularly  stout  branches,  and  in  oonsequenoe  of  their  mode  of 
ramification  had  greater  firmness,  such  as  Clonograpiua  mvltipleXf 
Kich.,  C.  flexiliB,  Hall,  etc. 

It  does  not  appear  to  me  probable  that,  as  has  been  suggested,  the 
GraptoHtes  were  attached  by  means  of  the  disc,  seeing  that  in  very 
many  specimens  the  disc  is  entirely  uninjured,  and  even  in  those 
with  damaged  discs  the  kind  of  injury  does  not  indicate  their  having 
been  torn  away,  because  it  is  precisely  the  central  part  that  most 
rarely  shows  any  damage. 

Htdrothboa. — We  are  indebted  to  Hopkinson  for  a  new  and 
important  discovery  with  regard  to  the  intimate  structure  of  the 
Graptolites.*  M*Coy,  in  1864,  in  his  "British  Palasozoic  Fossils," 
in  the  course  of  the  description  of  a  Graptolite,  had  spoken  of 
"  transverse  septa,"  which  were  to  be  found  at  the  proximal  ends  of 
the  hydrothecae,  and  had  also  represented  the  position  of  these  septa 
in  a  figure.  In  1868,  Hopkinson  had  stated  in  connexion  with  this  ' 
that  he  had  been  unable  to  find  **  any  indication  of  a  dividing  septum 
[in  GraptoHtes],  if  we  except  a  few  forms  in  which  there  is  an 
impressed  line  between  the  hydrothecae  and  the  periderm." 

More  recently  Allman,  in  his  '*  Monograph  of  the  Calyptoblastio 
or  Tubularian  Hydroids,"  compared  the  hydrothecae  of  the  Ehab- 
dophora  with  the  sessile  nematophores  of  the  Plumulariae,  at  the 
same  time  denying  the  presence  of  a  septum  or  constriction,  and 
indicating  that  later  observations  had  not  confirmed  the  existence  of 
the  septa  mentioned  by  MKDoy. 

Hopkinson'  was  quite  recently  in  a  position  to  investigate  an 
abundant  Graptolitic  material  from  the  Skiddaw  slates,  and  he 
found  in  it  specimens  of  Didymograpius  exten^uSy  Hall.  D,  patului. 
Hall,  and  Tetragraptus  serra,  Brongn.  (  =  r.  hryonoides,  Hall),  which 
permitted  the  interior  structure  to  be  examined.  In  some  of  these 
specimens  he  was  able  to  perceive  that  the  hydrothecae  were  separated 
from  the  coenosaro  by  a  well-marked  septum,  and  that  the  cceuosarc 

1  Ann.  Ma^.  Nat.^Hist.  Jan.  1882,  pp.  64-67. 

*  Joum.  Quek.  Micr.  Club,  vol.  i  p.  161. 

3  Ann.  Mag.  Nat.  Hist.  Soo.  ser.  6,  vol.  iz.  (1882),  pp.  64-67. 
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itself  appeared  to  be  divided  into  separate  joints  by  transverse  septa. 
Hopkinson  figures  a  branch  of  T.  BerrCf  Brongn.,  which  was  obtained 
in  section  and  filled  with  mineral  substance.  The  common  canal, 
which  bad  been  occupied  by  the  coenosaro,  has  the  appearance  of  a 
vertebral  column,  and  between  eaoh'two  rectangalar  joints  we  see 
a  septum.  When  the  mineral  substance  was  removed,  Hopkinson 
observed  a  series  of  rectangular  impressions,  separated  from  each 
other  by  transverse  walls  or  "  ridges."  A  similar  ridge  separated 
each  depression  from  the  hydrotheca  belonging  to  it. 

The  hydrothecsd,  says  Hopkinson,  appear  to  have  budded  from  the 
ooenosarc  as  the  leaves  of  an  exogenous  tree  bud  from  the  stem,  and 
not  to  have  been  continuous  with  their  support  like  the  leaves  of 
endogenous  trees.  The  partition  is  not  a  true  septum,  but  only 
"  a  ridge,  a  constriction,  occasionally  forming  a  very  sharp  line  of 
demarcation,  but  in  most  cases  scarcely,  if  at  all,  perceptible." 

The  structure  here  described  occurs  in  the  existing  Thecaphora, 
and  Hopkinson  thinks  that  **  it  can  now  no  longer  be  maintained 
that  the  calycles  of  the  Qraptolite  are  not  true  hydrothecsd " : — 
Eirohenpauer,  also,  in  opposition  to  Allman,  treats  tiie  cells  of  the 
Graptolites  as  hydrothecsd. 

As  regards  the  Bbprodugtion  and  Zoological  Position  of  the 
Graptolites,  no  new  views  have,  so  far  as  I  know,  been  recently  put 
forward,  so  that  here  we  may  refer  to  the  excellent  section  upon  the 
Graptolites  in  ZitteFs  "  Handbuch  der  Palaontologie,"  in  which  the 
principal  opinions  are  brought  together  and  discussed  briefly  and 
clearly. 

When  Hall  describes  specimens  of  Diplograptua,  M^Coy,  with  sac- 
like appendages,  and  regards  these  appendages  as  gonangia,  we  can 
only  be  surprised  that  among  the  innumerable  specimens  of  Diph- 
graptuB  from  the  earliest  to  the  most  advanced  age  which  the  graptolite 
collector  has  the  opportunity  of  studying,  such  sexual  individuals 
have  never  turned  up.    But  I  have  carefully  looked  for  them  in  vain. 

On  the  other  hand,  I  brought  home  a  hand-specimen  which  was 
sprinkled  with  small  round  or  oval  corpuscles,  vividly  reminding  me 
in  form  and  structure  of  the  supposed  ovarian  capsules  (Dawsonia) 
of  the  Graptolites  figures  by  Nicholson.^  These,  like  the  fragments 
of  Graptolites  accompanying  them,  are  converted  into  grey,  shining 
mineral  (Giimbelite  ?)  But  unfortunately  the  same  beds  contained 
not  unfrequent  although  always  isolated  specimeYis  of  a  Brachiopod 
(ObolvBl)  which  has  on  the  surface  a  striation  exactly  like  that  of 
the  small,  round  bodies.  This  Brachiopod  always  appears  black  and 
lustreless,  and  is  about  six  times  the  size  of  the  latter.  Finding  at 
a  higher  level  (zone  of  DidymograptuB  MurchUonif  Beck,  Nordal- 
Bruns  Strasse,  Christiania)  fragments  of  slate  filled  with  innumerable 
small,  black,  undoubted  Brachiopoda  ( Oholella  f ),  I  became  doubtful, 
and  could  arrive  at  no  definite  answer  to  the  question  as  to  what 
the  grey,  shining  bodies  should  be  taken  for.  I  must,  however, 
admit  that  my  material  was  very  scanty,  and  that  special  investigations 
can  only  be  made  when  it  is  made  more  complete. 

1  Ann.  Mag.  Nat.  Hirt.  (1873),  ser.  4,  toL  zi  p.  140. 
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The  state  of  the  case  is  therefore  as  follows  :  In  the  PhyUograpitu- 
schists  light  grey,  shining  Qraptolites  are  associated  with  nnmeroua 
small,  rounded  bodies  of  the  same  colour,  and  with  isolated,  larger, 
black,  lustreless  Brachiopoda.  In  the  zone  of  Didymograptua  Murchi- 
8oni  we  meet  with  light  grey,"  shining  Qraptolites  associated  with 
numerous  small,  rounded  Brachiopoda,  with  a  lustreless,  black  surface, 
with  a  few  isolated,  larger,  black,  lustreless  Brachiopoda. 

This  brings  to  a  close  the  considerations  upon  the  organization  and 
economy  of  the  Graptolites.  We  have  taken  as  the  starting-point 
the  often  cited  section  in  Zittel's  "  Handbuch  der  Palaontologie," 
and  refrained  from  repeating  here  all  those  newer  views  which  are 
referred  to  in  it,  and  which  did  not  call  for  any  comment 


rV. — Notes  on  thk  British  Species  of  Ceratiocarts, 

By  Prof.  T.  Bupbbt  Jones,  F.R.S.,  and  Hbnrt  Woodwabd,  LL,D.,  F.R.8. 

{Qmeluded  from  September  Number,  p.  397.) 

6.  Ceeatiocaris  inornata,  M*Coy. 
1851.   Ceratiocarts  inomatus (Salter  US.),  M*Coy.    Brit.Pal.Fos.  p.137,  pLiE.f.4, 
1854.  „  ,,        Morris.    Catal.  Brit.  Foss.  2nd  edit.  p.  102. 

1859.  „  „         Salter.     In  Siluria,  2nd  (3rd)  edit.  p.  532. 

i860.  „  „         Salter.     Ann.  Mag.  Nat.  Hist  ser.  3,  vol.  v.  p.  156. 

1867.  „  „        Salter.     In  Siluria,  3rd  (4th)  edit  p.  516. 

1873.  „  „         Salter.     Catal.  Camb.  Sil.  Foss.  pp.  177,  178. 

1877.  „  „         H.  Woodward.     Catal.  Brit  Foss.  Crust  p.  71. 

This  is  the  third  of  McCoy's  original  species.  The  specimen  in 
the  Cambridge  Museum  has  its  carapace  ovate-oblong  or  somewhat 
boat-shaped  in  outline,  50  mm.  (2  inches)  long,  18  mm.  high ; 
moderately  convex ;  straight  or  very  slightly  arched  above  and  more, 
strongly  arched  below  (both  edges  are  partly  imbedded  in  the  matrix 
of  the  original  specimen,  6/5,  M*Coy*s  fig.  4).  The  anterior  end 
(damaged)  was  neatly  rounded,  sloping  up  gracefully  from  below. 
The  posterior  is  obliquely  truncate  from  above  downwards  smd 
outwards,  with  the  postero-dorsal  angle  distinct,  and  the  postero- 
ventral  angle  prominent  and  blunt.  There  is  no  eye-spot  Traces 
of  longitudinal  strisd  are  visible  on  the  impressions  of  the  valves  in 
the  grey,  micaceous,  Upper-Ludlow  sandstone,  from  Benson  Knot, 
near  Eendal,  Westmoreland ;  two  specimens  (one  of  them  good)  are 
in  the  British  Museum,  No.  44342,  from  the  same  locality. 

The  foregoing  description  does  not  quite  tally  with  the  account  of 
the  species  in  the  Brit.  Pal.  Foss.  p.  137,  nor  with  that  in  the  Ann. 
Mag.  N.  H.  2.C.,  but  is  based  on  the  original  specimen,  and  not  on  the 
restored  figure  in  the  Brit  Pal.  Foss.  The  figure  annexed  by  Mr. 
Salter  to  his  note  on  C,  inomata  in  the  Catal.  Camb.  Sil.  Foss.  1873, 
p.  178,  is  used  also  in  connection  with  two  other  species  at  p.  16  and 
p.  164.  In  the  latter  case  it  is  probably  intended  for  C.  leptodactyluSf 
which  we  recognize  as  C  Murchisoni, 

G.  inomata  approaches  C  papilio  in  form  in  some  cases,  but  we 
think  that  they  are  quite  distinct  species.  There  are  some  small 
carapaces,  one  from  Lesmahago,  B.M.  59648,  very  near  to  C,  papilio 
in  form,  and  measuring  34  X  13  mm.,  and  one  from  Benson  Knot, 
B.  M.  44342,  measuring  35  X  14  mm.    These  proportions  are  dif- 
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ferent  from  those  of  C  papilio.  These  two  are  rather  smaller  than 
M*Coy'8  original  C.  inomata  (about  50  X  20  mm.),  but  have  the 
same  proportions,  the  normal  height  being  2^  of  the  length ;  whilst 
C,  papilio  is  larger  and  has  less  height  in  proportion,  the  length 
being  only  twice  the  height,  or  even  less. 

6.  Ckbatiooabis  Orbtonbnsis,  H.  Woodward. 
1871.   Ceratiocaris  Oretonensis^  H.  Woodward.     Geol.  Mag.  Vol.  VIII.  p.  10$, 

PI.  III.  Fig.  I. 
1878.  „  „         H.  Woodward.     Cat.  Brit.  Foss.  Crust,  p.  71. 

This  Carboniferous  species,  described  in  the  Geol.  Mag.  for  March, 
1871,  approaches  closely  to  some  of  the  forms  of  Ceratiocaris  found 
in  the  Upper  Silurian  of  Benson  Knot — namely,  C.  inomata,  M*Coy. 
The  carapace  (50  x  22  mm.)  is  larger,  however,  without  attaining 
the  size  and  proportions  of  6*.  papilioy  which  is  also  found  there,  and 
is  not  without  an  apparent  relationship  to  the  former,  as  already 
noticed  (p.  394).  In  again  examining  the  specimens,  we  find  that 
the  anterior  end  is  not  so  much  rounded  as  in  Fig.  1,  but  is  slightly 
and  obliquely  truncate ;  and  the  antero-ventral  margin  more  sloping 
and  less  convex ;  thus  the  greatest  depth  of  the  carapace  is  in  the 
hinder  half.  Four  specimens  from  the  Yellow  Carboniferous  Lime- 
stone of  Oreton  and  Farlow,  Worcestershire,  not  well  preserved. 
The  indistinct  *  eye-spot,'  mentioned  at  p.  106,  is  very  problematical, 
and  may  have  been  caused  by  pressure  on  some  internal  organ 
(teeth?). 

7.  Cebatiooabis  truncata,  H.  Woodward. 

1871.  Ceratiocaris  truncatus,  H.  Woodward.    Geol.  Mag.  Vol.  VIII.  p.  106. 

PI.  III.  Fig.  2. 
1878.  „  „         H.  Woodward.     Cat.  Brit.  Foss.  Crast  p.  72. 

The  smaller  species  occurring  with  the  last  ((7.  OreUmeasis)  was 
described  and  figured  with  it  in  1871.  The  carapace  (35  x  15  mm.) 
is  well  figured,  except  that  (as  the  author  remarks,  p.  106)  the 
slightly  concave  truncation  of  the  hinder  end  is  not  well  rendered  by 
the  artist.  Its  smaller  size,  sharp  antero-dorsal  angle,  and  nearly 
even  ventral  curve,  distinguish  it  from  its  associates,  but  scarcely 
separate  it  as  far  as  the  outline  is  concerned  from  some  specimens  of 
C*  inomata  at  Benson  Knot. 

8.  Cebatiooabis  solbmoides,  M'(yoy. 
1849.  Ceratiocaris  solenoides,  M*Coy.    Ann.   Mag.  N.  H.  ser.  2,  vol.  iv.  p.  413, 

with  woodcut 
1851.  „  „        M*Coy.     Brit.  Palaeoz.  Foss.  fasc.  i.  p.  138,  pi.  I  E. 

figs.  5»  5«- 
1854.  „  „        Morris.    Catal.  Brit  Foss.  2nd  ed.  p.  173. 

i860.  Cultellm  f  (Ceratiosolen?)  rectus,  Salter.     Ann.  Mag.  N.  H.  ser.  3,  vol.  v. 

p.  160. 
1873.  Ceratiocaris  solenoida,  Salter.     Cat.  Camb.  Sil.  Foss.  p.  178. 
1877.  „  „         H.  Woodward.    Catal.  Brit.  Foss.  p.  178. 

Prof.  M*Coy  founded  the  genus  on  this  species  and  C.  dliptica  in  1849. 

The  original  specimens  in  the  Cambridge  Mus.  (ft/40,  6/41)  are  not 
exactly  drawn  in  M 'Coy's  figs.  5  and  ^a.  The  carapaoe  is  elongate, 
sub-cylindrical,  slightly  convex  on  the  sides,  with  an  even  elliptical 
anterior  curve,  and  an  oblique  truncation  posteriorly.    There  are 
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faint  traoes  of  longitadiDal  strias  on  the  hollow  impressions  of  the 
valves  in  the  matrix,  and  there  is  a  slight  traoe  of  the  ventral  rim. 
The  large  one  is  43  mm.  long  (fig.  5) ;  the  smaller  specimen  (fig.  5a) 
27  mm.,  is  apparently  broken  behind,  bat  does  not  show  the  double 
valve  there  as  given  in  the  figure;  we  cannot  distingnish  anj 
''  nuchal  furrow,"  nor  is  there  any  **  eye-spot  '*:  a  mark  consisting  of 
two  minute  adventitious  pits  in  the  anterior  third  of  one  of  the  speci- 
mens, and  a  little  hole  in  another,  have  been  mistaken  for  it  Mr. 
Salter  thought  these  little  fossils  were  Molluscan ;  ^  but  they  certainly 
may  well  claim  to  be  Phyllopods.  There  are  other  specimens  in 
the  Cambridge  Mus. ;  also  two  small  individuals,  one  19  mm.  and 
the  other  only  10  mm.  (marked //142)  in  length.  In  the  Brit.  Mns. 
there  are  four,  rather  lai^,  but  not  well-preserved  specimens 
(44342).  All  the  above  come  from  the  Upper-Ludlow  grey  mi- 
caceous sandstone  of  Benson  Knot,  near  Kendal,  Westmoreland. 

9.  Ceratiooaris  oobiiformis,  «p.  nov. 

A  form  closely  approaching  C,  solenoidea  in  shape,  but  smaller, 
more  acute  in  front,  usually  more  vertically  truncate  behind,  and 
much  more  convex  on  the  ventral  border,  accompanies  C.  solenoides 
in  the  Upper-Ludlow  sandstone  of  Benson  Knot  One  of  the  speci- 
mens marked  5/8,  Gamb.  Mus.,  is  27  mm.  long  by  9  mm.  high ;  one 
in  the  Brit  Mus.,  No.  44342,  is  30  by  10  mm. ;  M.  P.  G.  x  iV  (Catal. 
1878,  p.  142)  is  31  by  11  mm.  The  valves  seem  to  have  been 
smooth.  They  distantly  resemble  in  outline  a  deep-bodied,  blunt- 
headed  little  fish,  without  its  tail.  It  is  possible  that  this  may  be  a 
varietal  or  sexual  form  of  C.  solenoides,  but  it  seems  to  be  sufficiently 
well  separated  from  its  ally  to  require  a  distinctive  name,  so  we 
refer  to  it  as  C.  gobiiformis  in  our  list 

10.  Ceratiooaris  Salterian a,  sp.  nov. 

Six  specimens  in  different  states  of  preservation,  from  the  Lower- 
Ludlow  strata,  indicate  the  existence  of  a  distinct  species  of  Ceratith 
carts,  having  a  nearly  oblong  carapace,  ornamented  with  delicate  but 
strong  horizontal  parallel  lines,  rather  wide  apart. 

Specimen  Ludlow  Mus.  K.,  from  Trippleton,  near  Leintwardine, 
has  a  carapace  (23  x  12  mm.),  five  (?)  abdominal  segments  (10  mm.), 
and  appendages,  of  which  the  style  (pitted  with  bases  of  little  spines) 
is  imperfect,  but  a  stylet  measures  5  mm. 

Another  carapace  M.  P.  Q.  ii„ ,  from  Bow  Bridge,  Ludlow,  well 
preserved,  is  30  x  15  mm.,  straight  on  the  back,  rounded  at  the 
ends,  the  front  being  highest,  and  the  greatest  depth  of  the  carapace 
being  at  the  anterior  third  of  the  ventral  margin.  A  hinder  moiety 
of  another  carapace  accompanies  the  last  mentioned. 

In  the  Cambridge  Univ.  Mus.  a/694  is  a  similar  carapace  nearly 
as  well  preserved  (30  X  14  mm.).  The  ventral  margin  has  a  distinct 
raised  rim.  The  striss  and  interspaces  differ  in  tint  of  colour  on  the 
cast     Some  internal  organs  (teeth  ?)  have  caused  a  little  break  or 

^  See  Ann.  Mag.  Nat.  Hist  l.e,  p.  169,  note;  and  Sedgwick*s  Lists  of  Kendal 
Fossils ;  Wordsworth's  Letters  on  the  Lakes,  1843-46,  Appendix. 
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hole  and  a  derangement  of  the  strice  in  the  antero-dorsal  region. 
This  Bpeoimen  is  from  the  Lower-Ludlow  Shale  at  Dudley. 

Two  specimens  in  the  Oxford  Mus.  L.  &  M.  evidently  helong  to 
this  species. 

We  wish  to  associate  this  rare  but  distinct  species  of  Ceratiocaris 
with  the  name  of  our  deceased  friend,  Mr.  J.  W.  Salter,  who  worked 
BO  long  and  so  well  on  these  and  allied  PhyUopoda. 

11.  Cebatiooabis  cassia,  Salter. 

i860.  CeraHocaris  cassia^  Salter.     A.  M.  N.  H.  ser.  3,  vol.  v.  p.  159. 
1867.  „  „         Salter.     In  Siluria,  3rd  (4th)  edit.  p.  516. 

1877.  „  „        H.  Woodward.     Cat.  Brit.  Foss.  Crust,  p.  70. 

1878.  „  „         Huxley  and  Etheridge.  Cat.  C  S.  Foss.  M.P.G.  p.  141. 

The  best-preserved  carapace- valve  (22  X  11  mm.)  we  have  seen  is 
Brit.  Mus.  44342,  from  the  Upper  Ludlow  of  Benson  Knot ;  Brit 
Mus.  38400,  from  the  Lower  Ludlow  of  Leintwardine,  is  also  good, 
but  is  crumpled  so  as  to  have  its  outline  modified.  Originally  nearly, 
oblong,  slightly  arched  above  and  below,  truncate  with  holl(^w  curve 
behind,  pointed  and  mucronate  at  th^  upper  third  in  front.  Ludlow 
Mus.  E.  and  P.  and  M.  P.  G.  x  1  (Catal.  C.  S.  Foss.  1878,  p.  141), 
seen  by  Mr.  Salter,  are  not  quite  perfect.  They  are  from  a  roadside 
quarry  S.E.  of  Trippleton  Farm,  near  Leintwardine.  Ludlow  Mus. 
F.  and  Brit.  Mus.  39400  retain  traces  of  the  abdomen :  in  the  latter, 
15  mm.  long,  without  appendages ;  in  the  former  much  less  is  seen, 
and  a  short  telson  (about  5  mm.).  The  carapace  is  horizontally 
striate,  and  the  telson  is  minutely  pitted  as  if  it  had  been  spinose. 
The  ventral  margin  had  a  delicate  raised  rim. 

Ludlow  Mus.  H.,  also  from  Trippleton,  is  a  very  small  oval  relic 
of  a  valve  (13  x  7  mm.)  possibly  of  (7.  caMxa^  and  a  loose  abdomen 
of  5-6  segments  (16  mm.),  with  a  neat  little  set  of  appendages, 
style,  6  mm.,  and  two  stylets,  each  3  mm. 

Ludlow  Mus.  G.  may  be  a  modified  carapace  of  C  ca«<ta,  no 
locality  is  recorded  for  it 

12.  Cbbatiooabis,  «p.  noio.  ? 

Mus.  Pract.  Geol.  x  ^V  (Catal.  C.  S.  Foss.  1878,  p.  142),  labelled 
C.  vesica,  is  a  small  specimen,  having  its  carapace  and  abdomen  pre- 
served in  place.  From  the  Lower  Ludlow  of  Leintwardine.  It 
differs  very  much  from  Fhysocaris  vesica,  although  nearly  of  the 
same  size.  The  carapace  is  subtriangular,  25  mm.  long  and  15  mm. 
deep  at  the  middle  of  the  ventral  margin.  The  back  is  straight,  but 
curved  down  at  both  ends  to  meet  the  steep  upward  slopes  of  the 
lower  margin.  The  abdomen  (15  mm.)  comes  out,  as  usual,  from  the 
upper  part  of  the  hinder  region.  It  shows  obscurely  four  segments 
(the  ultimate  one  about  6  mm.),  mostly  striated  obliquely.  The  ap- 
pendages have  been  broken  off  short  The  carapace  is  somewhat 
crumpled,  and  is  roughened  anteriorly,  probably  by  the  presence  of 
internal  organs  (such  as  teeth,  etc.). 

It  is  possible  that  this  may  be  a  very  young  individual  of  C  stygia, 
to  which  it  somewhat  approximates  by  its  subtriangular  carapace, 
and  its  obliquely-striate  segments.  Otherwise  it  must  be  a  distinct 
species. 
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Specimen  Lud.  Mus.  J.  (from  Trippleton,  near  Leintwardine)  has 
a  smaller  but  nearly  similar  carapace  (22  x  12  mm.) ;  nearly 
straight  on  the  back,  deeply  curved  below,  and  with  almost  equsd 
dorsal  angles  in  front  and  behind,  but  sharp  instead  of  being  blunt 

13.  Ceratiogaris  bobusta,  Salter. 

185 1.  PUrygotus  liptodactylus^  M'Coy  (in  part).      Brit.    Palaeoz.   Foss.  fi&sc.  L 

p.  175,  pi.  I  E.  figs.  7f,  Id. 

i860.  Ceraiiocaris  robustus,  Salter.     Ann.  Mag.  N.  H.  ser.  3,  vol.  v.  p.  158. 
1867.  „  „         Salter.     In  Siluria,  3rd  (4th)  edit  p.  516. 

1873.  „  „        Salter.     Cat.  Camb.  Sil.  Foss.  p.  164. 

1877.  „  „        H.  Woodward.     Cat.  Brit.  Foss.  Crust  p.  71. 

1878.  „  „         Huxley  and  Etheridge.    Cat.  Camb.  Sil.  F.  M.  P.  G. 

p.  142. 

This  species  was  founded  on  the  caudal  appendages  of  a  form 
the  carapace  of  which  has  not  yet  been  collated.  The  original  speci- 
mens figured  by  M'Coy  and  referred  by  Salter  to  a  new  species  are 
in  the  Cambridge  University  Museum  (a/925,  fig.  7c ;  a/926,  fig.  Id). 
The  telson,  32  mm.  long  (longer  than  the  figure),  is  straight,  broadly 
ensiform,  6  mm.  broad  at  its  base.  The  stylets,  20  mm.  long,  are 
also  relatively  broad  and  ensiform  or  sharp- blade-like.  They  all 
seem  to  have  once  been  faintly  fluted  and  ridged  or  costulated.  They 
were  from  Leintwardine  (Lower  Ludlow). 

Two  similar  specimens,  collected  by  the  late  Mr.  Lightbody  in 
Upper  Ludlow  beds,  "  above  Ashley  Moor,"  are  in  the  Owens  Col- 
lege Museum,  Manchester.  One  of  the  sets,  however,  has  the  stylets 
nearly  as  long  as  the  style :  whether  this  was  due  to  variation  of 
growth  or  to  accident,  we  cannot  now  decide. 

B.  M.  39404,  from  Leintwardine,  belongs  to  the  same  species, 
though  the  style  is  rather  longer  (35  mm.). 

Also  M.  P.  G.  tV  (Catal.  1878,  p.  142),  from  Leintwardine,  seems 
to  belong  to  this  form.  It  shows  two  segments  and  appendages. 
Style,  40  mm. ;  one  stylet  present,  broad  and  ensiform,  25  mm.  long. 

Specimens  A.  and  H.  in  the  Oxford  Museum  are  good  examples  of 
C.  rohusta,  of  rather  large  size,  the  style  of  one  being  45  mm.  long, 
and  of  the  other  35  mm.  Some  segments  also  are  in  place,  and 
show  a  neat  imbricate  ornament  of  angular  raised  lines,  passing 
downwards  on  the  sides  into  delicate  oblique  wrinkles.  S.  and  T. 
in  the  same  Museum  are  short  trifids  with  broad  style  and  stylets 
agreeing  more  closely  with  McCoy's  original  specimens.  They  are 
faintly  fluted,  and  there  are  on  one  style  two  rows  of  the  bases  of 
little  prickles.     All  from  the  Ludlow  formation. 

Var.  longa. 
Specimen  Ludlow  Museum  M.  is  a  broad  and  much  longer  telson 
(at  least  75  mm.  long),  with  linear  ornament,  from  the  Lower  Lud- 
low at  Bow  Bridge,  Ludlow.  A  small  part  of  a  slightly  curved 
ensiform  stylet  shows  from  beneath  it.  This  may  be  ei&er  a  variety 
of  C.  rohuataf  or  possibly  a  distinct  species,  near  to  C.  papilio. 

14.  Cebatiooabis,  sp.  nov.  ? 
In  Owens  College  Museum,  Manchester,  is  a  very  delicate  little 
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set  of  caudal  appendages.  The  style  (central )  shows  a  rounded 
section  at  its  insertion,  about  2  mm.  wide,  is  12  mm.  long,  tapering 
gent]y  to  a  sharp  point.  The  lateral  stylets  are  8  mm.  each.  AH 
are  delicately  ridged  and  flated.  From  the  Lower-Lndlow  or 
Aymestiy  Limestone,  on  the  old  road  at  Mocktree ;  collected  by  the 
late  Mr.  Lightbody. 

Mus.  Pract  Geol.  n  H  (Catal.  C.  S.  Foss.  1878,  p.  118),  from  the 
Lower  Ludlow  at  Leintwardine,  is  a  somewhat  similar  little  set  of 
appendages  (three  spines).  The  middle  one  is  the  longest,  8  mm., 
the  others  6  mm. 

These  may  belong  to  a  very  young  condition  of  some  of  the  species 
above  mentioned,  or  possibly  to  a  distinct  species. 

In  the  British  Museum  one  of  those  marked  68878,  from  Linbum, 
near  Muirkirk,  shows  a  style  (21  mm.),  tapering,  with  circular  sec- 
tion at  base,  and  apparently  smooth,  together  with  a  corresponding 
attached  stylet,  16  mm.  long.  Were  these  not  smooth,  they  might 
b«  referred  to  the  same  species  as  the  foregoing  smaller  specimens. 
This  set  differs  from  the  appendages  of  either  C  papilio  or  C.  stygia. 

15.  Ckbatiooaris  dkooba,  Phillips. 

1848.  Onchus  cUcorus,  Phillips.     Mem.  Geol.  Surv.  vol.  ii.  part  I,  p.  226,  pi.  30, 

figs.  5.  5«- 
1867.   Ceratiocaris  decmms^  Salter.     In  Siluria,  3rd  (4th)  edit.  p.  516. 
1877.  „  „         H.  Woodward.     Cat.  Brit.  Foss.  Crust,  p.  70. 

This  is  a  small  obscure  style  (?),  13  mm.  long,  from  the  Ludlow 
beds,  of  Freshwater-East,  Pembrokeshire. 

16.  Cbratiooabis  (?)  knsis,  Salter. 

i860.   Ceratiocaris?  ensiSi  Salter.    Ann.  Mag.  N.  H.  ser.  3,  vol  v.  p.  159. 

1867.  „  „         Salter.     In  Siluria,  3rd  edit.  p.  516. 

1877.  „  „        H.  Woodward.     Catal.  Brit.  Foss.  Crust,  p.  71. 

In  the  Grindrod  Collection,  Oxford  Museum,  specimen  0,  we  find 
the  original  fossil  described  by  Mr.  Salter  in  1860,  namely,  a  large 
telson  nearly  six  inches  long,  tapering,  curved,  lying  on  its  side,  and 
flattened,  crenato-serrate  on  its  convex  (dorsal)  edge,  pitted  along  its 
inner  (concave)  margin,  thickened  at  its  proximal  or  articular  end, 
sharp  at  the  other;  with  a  slight  ridge  along  the  middle  of  the  ex- 
posed face.   From  the  Lower  Ludlow  at  Leintwardine,  near  Ludlow. 

17.  Ceratiocaris  (?)  lata,  Salter. 

1866.  Hymenocaris  ?  latus^  Salter.     Mem.  Geol.  Surv.  vol.  iii.  p.  240. 

1866.  Ceratiocaris  f  latusy  Salter.     Ibid.  p.  294,  woodcut  fig.  5. 

1867.  „  „         Salter.     In  Siluria,  3rd  (4th)  edit.  p.  516. 
1873.            „              „        Salter,     Cat  Carob.  Sil.  Foss.  p.  16. 

1877.  „  „        H.  Woodward.     Cat.  Brit.  Foss.  Crust,  p.  71. 

The  specimen  is  in  the  Cambridge  Museum  (6/299?),  and  shows 
5  (?)  abdominal  segments  crushed  endwise,  so  as  to  be  shortened 
(12  mm.)  and  widened  (28  mm.).  The  woodcut  referred  to  is  a 
restoration.  The  specific,  and  even  generic,  relationship  is  obscure. 
From  the  Tremadoc  Slate,  at  Garth,  east  of  Portmadoc ;  collected  by 
Mr.  D.  Homfray. 

DBOADB  in. — ^TOL.  n. — MO.  X.  30 
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18.  Cebatiooarib  (?)  inspej^ta,  Salter. 

1866.  Ceratioearis  f  insptratus^  Salter.     Mem.  GeoL  Survey,  vol.  iii.  p.  295. 

1867.  „  „         Salter.     In  Siluria,  3rd  (4th)  edit  p.  516. 
1873.            „  ,,         Salter.     Cat  C.  S.  Foss.  p.  16. 

1877.  „  „         H.  Woodward.     Cat  B.  F.  Crust  p.  71. 

In  fhe  Cambridge  Museum  (a/275).  Obscure  remnant  of  an 
ultimate  abdominal  segment,  with  clear  indications  of  a  trifid  ap- 
pendage ;  the  telson  or  central  spine  seems  to  be  the  longest,  but  all 
three  are  broken  ofif  above  their  points.  The  telson  is  about  35  mm. 
long.  From  dark-grey  shales  between  the  Lower  and  Upper  Tre- 
madoc  Slates  in  a  railway  cutting  above  the  village  of  Penmorfa, 
Portmadoc.  Collected  by  Mr.  D.  Homfray.  Mr.  Salter  thought 
that  it  belonged  to  the  same  species  as  the  foregoing. 

19.  Cbratiooaris  (?). 
An  obscure  hinder  moiety  (25  x  12  mm.)  of  a  carapace  possibly 
referable  to  Ceratioearis,  is  in  the  Mus.  Praot  Geol.  if,  Catal.  C.  S. 
Foss.  1878,  p.  72.    From  the  "Upper  Llandovery;  Onny  River." 

20.  Ceratiooaris  (?)  perormata,  Salter. 

1878.  Ceratioearis  f  peromaius  (Salter  MS.),    Huxley  and  Etheridge.      CataL 

Cambrian  and  Sil.  Foss.  M.  P.  G.,  p.  142. 

An  obscure  form,  known  from  only  three  small  fragments,  two  of 
which  are  pitted  all  over,  and  one  is  tuberculate,  like  an  Echinoderm 
spine.     From  Benson  Knot,  Kendal. 

21.  Cbratiooaris  (?)  klliptioa,  M'Coy. 

1849.  Ceratioearis  elliptiem,  M*Coy.     Ann.  Mag.  N.  H.  ser.  2,  vol.  iv.  p.  413. 

185 1.  „  „         M*Coy.     Brit  P.  Foss.  fasc.  L  p.  137.  pi.  i  E.  fig.8. 

1854.  „  „         Morris.     Catal.  Brit  Foss.  2nd  edit  p.  103. 

1859.  „  „         Salter.     In  SUuria,  2nd  (3rd)  edit  p.  538. 

i860.  „  „         Salter.     Ann.  Mag.  N.  H.  ser.  3,  vol.  v.  p.  157. 

1867.  „  „        Salter.     In  Siluria,  3rd  (4th)  edit.  p.  516. 

1873.  „  „         Salter.     Catal.  Camb.  Sil.  Foss.  p.  178. 

1877.  „  „         H.  Woodward.     Catal.  Brit  Foss.  Crust  p.  71. 

This  interesting  species,  one  of  the  first  two  established,  is  repre- 
sented in  the  Cambridge  Museum  by  specimen  6/15  (M*Coy's  fig.  8), 
and  in  the  Museum  of  Practical  Geology  by  ii  (Catal.  1878,  p.  118) 
and  X  tV  (Catal.  p.  142).  The  carapace  is  long-ovate  in  outline,  not 
very  convex,  greatest  convexity  of  surface  and  curvature  of  ventral 
margin  **at  about  one-third  from  the  anterior  end";  obliquely 
rounded  in  front;  obliquely  truncate  at  the  upper  portion  of  the 
hinder  end.  There  is  a  spot  like  a  definite  ocular  tubercle  in  the 
anterior  fourth  and  above  the  median  line  of  each  valve,  and  this 
gives  it  a  distant  likeness  to  a  guinea-pig's  profile.  The  surface  is 
neatly  marked  with  delicate,  longitudinal,  parallel  lines,  rather  far 
apart.  The  published  figure  of  the  specimen,  6/16  (32  mm.  long 
and  13mm.  high)  is  reversed,  and  drawn  too  angular  behind.  It 
came  from  the  Upper  Ludlow  Sandstone  of  Benson  Knot  Specimen 
M.  P.  G.  if  is  from  the  Lower-Ludlovv  beds  of  Leintwardine,  near 
Ludlow,  and  is  not  quite  so  large  nor  so  well  preserved  as  6/I0. 
Specimen  M.  P.  G.  x  iV>  from  the  Upper-Ludlow  of  Combe  Wood, 
Presteign,  is  larger  and  more  ovate  or  elliptical  than  the  others,  but, 
unfortunately,   is  imperfect.     The  last  two  have  been  incorrectly 
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labelled  C.  Mwchisoni.  In  1860  Mr.  Salter  thought  that  C.  elliptica 
was  only  a  badly-preserved  variety  of  C,  inomata  (A.  M.  N.  H.  /.c), 
but  in  the  Catal.  Cambr.  SiL  Foss.  p.  178,  he  recognized  it  as  "  quite 
distinct." 

The  above-mentioned  three  specimens  supply  the  only  evidence 
of  an  eye-spot  in  these  British  Ceratiocaridoid  Phyllopods.*  It  is 
not  only  a  generic  character  distinguishing  them  from  CeratioeariSt 
but  an  important  family  distinction,  of  which,  for  the  present,  we  do 
not  propose  to  estimate  the  value. 

22.  Phtsooabis  vesioa,  Salter. 

i860.  Ceratiocaris  (Physocaris)  vesica,  Salter.     Ann.  Ma^.  N.  H.  scr.  3,  voL  y. 

p.  159,  woodcut  fig. 
1865.   Ceratiocaris  (Physocaris)  vesica,  Salter  and  H.  Woodward.     Catal.  Chart. 

Foss.  Crust,  p.  17,  fig.  8. 
1867.   Ceratiocaris  vesica,  Salter.     In  Silnria,  3rd  (4th)  edit.  p.  517. 

1877.  Ceratiocaris  (Physocaris)  vesica,  H.  Woodward.     Cat.  Brit  Foss.  C.  p.  72. 

1878.  Ceratiocaris  vesica,  Huxley  and  Etheridge.     Cat.  C.  S.  Foss.  p.  142. 

Of  this  curious  fossil  Phyllopod,  described  carefully  by  Mr.  Salter 
in  1860,  only  one  specimen  is  known — namely,  Ludlow  Museum  U. 
It  differs  slightly  from  Mr.  Salter's  figure,  being  larger,  and  showing 
an  appearance  of  having  been  probably  broken  away  to  a  little 
extent  just  above  the  front,  so  as  to  leave  a  notch  and  angle,  which 
constitute  the  prominence  in  the  woodcut  figure.  If  continued  over 
this  notch,  the  outline  of  the  shell  would  possibly  be  that  of  a  broad 
oval;  whereas  now  it  is  broadly  and  obliquely  pyriform  (25  X 
20  mm.).  The  relative  position  of  the  animal  is  supposed  to  be 
indicated  by  the  telson  occupying  the  upper  part  of  the  abdominal 
appendages  attached  to  the  fossil.  There  are  8-9  segments  in  the 
abdomen,  which  appears  to  come  out  from  the  lower  and  hinder 
quarter  of  the  carapace,  and  is  very  slender  near  its  origin,  but 
higher  at  its  ultimate  segment  (5  mm.  long) ;  altogether  30  mm. 
The  telson  itself  is  11  mm.  long.  One  lateral  spine  (stylet),  7  mm., 
is  present.     The  whole  animal  is  about  two  inches  long. 

It  was  collected  by  the  late  Mr.  Salwey  in  the  Lower  Ludlow  at 
Leintwardine,  and  Mr.  Salter  at  first  registered  it  as  Ceratiocaris 
inflata. 


ITOTIOES      ODP      3i^ElS^OIiaS. 


Studies  in  the  District  op  the  Bohemian  Chalk  Formation. 

The   Weissenbbbg    and    Malnitz    Schists.     By   Dr.   Anton 

Fkitsch,  Prague. 
Studibn  im    Gebiete    deb    Bohmisohen    Kreideformation.  Die 

Wbissenberoer   und  Malnitzer  Schichten.     Mit  155  Holz- 

schnitten.    Die  Isersohichten.    Mit  132  Textfiguren.    Von  Dr. 

Anton  Fric.     (Archiv  der  naturw.  Landesdurchforschung  von 

Bohmen,  IV.  Band,  No.  1.,  V.  Band,  No.  2.) 

IN  these  two  memoirs  Dr.  Fritsch  gives,  in  considerable  detail,  a 
petrographical  and  palseontological  description  of  three  of  the 

»  The  "  ocular  tubercles,"  mentioned  in  the  footnote  at  p.  236,  Siluria,  3rd  (4th) 
edit.  1867,  are  doubtless  really  due  to  the  presence  of  *'  teeth  "  within  the  Yalres. 
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eight  divisions  into  which  the  Cretaceous  series  of  Bohemia  has  been 
divided.  Numerous  profiles  of  sections  and  well-executed  figoree  of 
the  principal  fossils  accompany  the  text. 

From  a  slight  sketch  of  the  Cretaceous  strata  as  a  whole,  it  seems 
to  present  the  characters  of  a  littoral  or  comparatively  shallow-water 
deposit  Although  no  very  close  comparison  can  be  made  between  it 
and  the  deeper- water  deposits  of  the  same  formation  in  France  and 
England,  yet  it  has  been  ascertained  that  the  Bohemian  Cretaceous 
series  corresponds  only  to  the  Cenomanian,  Turonian  and  part  of  the 
Senonian,  and  therefore  the  Gault  and  the  divisions  of  the  Lower 
Cretaceous  are  absent  below ;  and  its  highest  zone  is  below  that  of 
BdemniteUa  quadrata.  By  Prof.  Krejci  and  the  author,  the 
Bohemian  series  has  been  divided,  chiefly  on  paleeontologioal 
grounds,  into  eight  divisions,  which,  with  the  exception  of  the 
lowest,  are  of  marine  origin.  The  lowest  or  Peruoer  division  con- 
sists of  sandstones  containing  a  rich  Flora  and  some  sparse  remains  of 
Yerbebrates,  Molluscs,  and  Insects.  These  beds  rest  unconformably 
^W*^^n  Silurian  or  Carboniferous  strata,  and  are  of  Lower  Cenomanian  age. 
The  division  above,  or  Korycaner  beds,  are  limestones,  sandstones, 
and  conglomerates,  characterized  by  Trigonia  sulcataricy  Fecten  (isper, 
and  OstrcBa  diluviana.  Next  above  are  the  Weissenberg  and 
Malnitzer  beds,  principally  of  sandstones — some  glauconitio — of 
Turonian  age.  The  former  of  these  divisions  contains  numerous  fish- 
remains,  many  of  which  are  IdentidiEd  with  those  of  the  Chalk  at 
Lewes ;  some  of  the  other  fossils  present  are  also  common  to  the 
French  Craie  Chloritee.  The  Iser,  Teplitzer,  Priesener  and  Chlomeker 
divisions  are  regarded  as  Senonian.  From  the  first  of  these  the 
.  author  enumerates  175  species  of  fossils ;  the  details  of  the  latter 
yet  remain  to  be  worked  out. 


DB  E  "V"  I  E  'W  S. 


Memoirs  on  Extinct  Nobth-Ahbbican  Yertebrates,  by  Professor 
E.  D.  Cope,  in  the  American  Naturalist.^  (Extinct  Khinoceroses 
and  their  Allies,  Dec.  1879 ;  Extinct  Cats,  Dec.  1880 ;  Extinct 
Dogs,  March,  1883  ;  Permian  Batrachia,  Jan.  1884 ;  The 
Creodonta,  March  and  April,  1884;  The  Tertiary  Marsnpialia, 
July,  1884;  The  Condylarthra,  Aug.  and  Sept  1884;  The 
Amblypoda,  Deo.  1884  and  Jan.  1885;  The  Lemuroidea  and 
Insectivora,  May,  1885.) 

IN  this  valuable  series  of  contributions  to  a  knowledge  of  the 
marvellous  extinct  Yertebrate  Fauna  of  North  America,  Pro£ 
Cope  informs  us  in  a  letter  that  he  has  intended  to  give  a  risunU  in 
a  somewhat  popular  form  of  work  which  either  has  been  or  will  be 
published  in  fuller  detail  as  opportunity  occurs. 

Before  briefly  noticing  a  few  of  the  more  interesting  forms,  we 
must  premise  that  we  are  scarcely  prepared  to  accept  the  extremely 
complex  classification  of  the  Mammalia  which  Prof.  Cope  propounds; 

^  We  have  only  space  to  cite  a  few  from  this  large  series  of  memoirs. 
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and  that  in  our  own  opinion  it  is  preferable,  as  fresh  discoveries 
indicate  forms  connecting  groups  widely  separated  at  the  present 
day,  to  unite  those  existing  groups  rather  than  to  form  fresh  ones 
for  the  reception  of  the  intermediate  forms.  Thus,  taking  the 
ungulated  mammals  as  an  instance,  we  find  that  on  page  1121  of 
the  memoir  on  the  'Amblypoda,'  there  are  four  so-called  orders 
respectively  named  the  Diplarthra,  the  Amblypoda,  the  Taxeopoda, 
and  the  Proboscidea ;  all  of  which  we  think  are  best  included  in  the 
order  Ungulata,  as  it  is  now  very  generally  employed  by  English 
paladontologists.  Even  if  this  view  were  not  accepted,  it  would 
surely  have  been  preferable  to  retain  the  term  Ungulata  for  the  two 
suborders  Perissodactyla  and  Artiodactyla  (the  Ungulata  Vera  of 
some  English  writers),  rather  than  to  invent  for  them  the  entirely 
new  term  Diplarthra,  in  which  guise  they  are  scarcely  recognizable 
by  the  student  of  recent  zoology.  Similarly  the  recent  Hyracoidea 
are  relegated  to  a  minor  group  of  the  so-called  order  Taxeopoda,  when 
we  should  have  thought  it  would  have  been  better  to  retain  the  former 
well-known  term  in  the  larger  sense,  and  include  in  it  (of  course 
presuming  that  the  affinity  be  a  real  one)  the  allied  fossil  forms. 

Another  instance  occurs  in  the  case  of  Bycsnodon  and  a  host  of 
allied  extinct  forms,  which  (together  with  some  of  the  I'ecent 
Insectivora)  Prof.  Cope  (*  The  Creodonta,'  op,  ciL)  refers  to  the  sub- 
order Greodonta  of  a  large  heterogeneous  order  Bunotheria; — the 
remaining  Insectivora  (judging  from  an  earlier  work)  being  re- 
garded as  another  suborder  of  equal  value  with  the  Creodonta. 
Now  we  confess  that  we  are  unable  to  accept  the  division  of  the 
modem  Insectivora  as  here  proposed  ;  and  we  think  that  as  Hyceno^ 
don  and  its  allies  may  be  pretty  safely  regarded  as  ancestral  forms 
connecting  the  modem  Camivora  and  the  Insectivora  by  almost 
insensible  gradations,  it  would  be  preferable  that  they  should  be 
affiliated  to  one  or  other  of  these  orders,^-our  inclination  tending  to 
the  Camivora.  This  appears  to  us  as  a  more  advantageous  plan  than 
creating  a  suborder  of  a  new  order,  which,  afker  all,  cannot  be  rigidly 
defined.  That  the  result  of  this  affiliation  would  be  the  impossi- 
bility of  drawing  any  definite  line  of  demarcation  between  the 
Camivora  and  the  Insectivora,  we  are  fully  prepared  to  admit ;  and 
if  any  change  were  to  be  made  in  reference  to  these  orders,  we 
should  prefer  the  inclusion  of  the  latter,  as  a  suborder,  in  the 
former.  Regarding,  then,  the  so-called  Creodonta  as  affiliated  to  the 
Camivora,  it  may  be  remarked  that  these  early  insectivoroid 
forms  lacked  the  grooved  astragalus,  and  the  compound  scapho- 
lunar  of  the  modem  Camivoree;  the  absence  of  these  specialized 
characters  being  precisely  what  we  should  expect  to  find  in  early 
generalized  forms,  which  may  have  been  ancestral  both  to  the 
Camivora  and  the  Insectivora. 

In  regard  to  his  families  and  genera.  Prof.  Cope  is  logically  con- 
sistent to  his  views  of  the  value  of  ordinal  groups,  and  consequently 
makes  them  more  numerous  than  we  ourselves  should  be  disposed 
to  consider  advisable.  After  all,  however,  these  different  views  of 
classification  are  but  matters  of  comparatively  minor  moment,  which 
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depend  to  a  great  extent  on  the  mode  of  thought  of  each  indlTidnal 
writer — a  more  complex  system  appearing  to  one  mind  to  convey 
best  the  idea  of  mutual  affinities,  which  would  be  equally  well 
conveyed  to  another  by  a  simpler  arrangement 

With  these  preliminary  remarks  we  may  proceed  to  a  short  notice 
of  the  various  memoirs  quoted  above. 

Bhinooeroses  and  their  Allies. — The  Bhinoceroees  are  divided  into 
the  two  families  HyracodontidsB  and  Bhinocerotidsd  (Bhinocendas) ; 
the  latter  being  split  up  into  the  genera  Aceratherium  (1),  Dicera" 
therium  (2),  Aphelops  (3),  Ceratorhinvs  (4),  Zalahis  (5),  BhinoceroM 
(6),  AieloduB  (7),  and  Calodonta  (8).  Zalahis  was  made  for  tiie 
reception  of  the  Siwalik  Rhinoceros  sivalensis,  but  the  characters  on 
which  it  was  founded  have  been  shown  in  the  publications  of  the 
Geological  Survey  of  India  to  have  originated  in  a  mistake.  We 
are  inclined  to  follow  the  view  of  Prof.  Flower  in  including  Nos.  4^ 
7,  8,  and  perhaps  2,  in  Bhinoceros.  The  European  species  of  Accra- 
therium  have  no  nasal  horn,  but  are  furnished  with  four  anterior 
digits ;  while  the  American  hornless  forms  grouped  under  Aphelops  are 
distinguished  by  having  only  three  anterior  digits,  and  thereby  agree 
with  the  existing  species  of  Bhinoeeros.  Using  Bhinoceros  in  the 
wider  sense  indicated  above,  we  are  inclined  to  include  Aphelops  in 
Aceratherium ;  and  we  must  then  acknowledge  that  there  is  scaroely 
more  than  an  arbitrary  distinction  between  the  latter  and  Rhinoceros^ 
although  its  retention  as  a  genus  may  be  advisable.  The  logical 
sequence  of  cutting  down  the  genera  of  Prof.  Cope's  Bhinocerotidao 
from  eight  to  two,  and  the  consequent  relegation  of  his  generic 
characters  to  a  minor  value,  will  be  the  inclusion  of  his  Hyracodon- 
tidsB in  the  same  family. 

Extinct  Cats. — ^The  cat-like  animals  Prof.  Cope  divides  into  the 
KimravidsB  and  Felidsd ;  the  former  comprising  primitive  generalized 
forms  now  entirely  extinct,  and  the  latter  both  the  extinct  sabre- 
toothed  Tigers  and  all  existing  Cats.  Here,  again,  we  are  afraid  we 
must  differ  from  the  author  as  regards  his  separation  of  these  two 
families,  and  his  retention  of  Dr.  Gray*s  division  of  the  existing  Cats 
(excluding  Oynalurus)  into  several  genera.  The  most  generalized 
animal  which  can  be  called  a  **  Cat'*  in  the  widest  sense  of  the  word 
seems  to  be  the  Proalurus  of  the  French  Phosphorites,  which  pre- 
sents many  musteline  affinities,  and  indicates  how  difficult  it  is  to 
form  any  accurate  family  divisions  in  the  older  mammals.  From 
this  form  there  is  a  gradual  advance  through  the  genera  Pseudalums, 
Archalurus,  ^lurogcUe,  Pogonodon,  etc.  (most  of  which  have  more 
teeth  than  existing  Cats),  to  the  sabre-toothed  Tigers  and  their  modem 
allies.  The  sabre-toothed  Tigers  (which  Prof.  Cope  divides  into  Drepa- 
nodon  and  Smilodon,  but  which  we  prefer  to  group  together  under 
the  older  name  Macharodus)  are  well  represented  in  America ;  and 
all  European  museums  must  envy  the  magnificent  skeleton  of 
Macharodus  (Smilodon)  necator  figured  in  the  frontispiece  to  this 
memoir.  The  phylogeny  of  the  Cats,  as  worked  out  by  Professor 
Cope  and  Dr.  Filhol,  indicates  very  fully  the  former  history  of  the 
group. 
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Extinct  Dogs. — The  Dogs  are  included  by  Prof.  Cope  in  a  single 
family — the  Canida — whioh  has  been  shown  by  other  writers  to  pass 
so  imperceptibly  by  means  of  the  genera  JDinoeycn  and  Hyanarctos 
into  the  Ursida,  that  it  seems  impossible  to  draw  any  distinction 
between  the  two.  Prof.  Cope  (p.  236)  recognizes  eight  extinct^ 
American  genera  of  the  family,  mainly  distingnished  by  dental 
characters  of  more  or  less  importance.  The  Miocene  European  genas 
Amphicyon  is  represented  by  several  species ;  and  the  same  may  be 
said  of  the  genus  Cynodictis,  which  Prof.  Cope  identifies  with  OalC' 
cyntiB,  Owen  ;  the  latter  appearing  to  ourselves  to  be  indistinguish- 
able from  Cants,  and  of  later  age  than  Cynodictis.  The  peculiar 
American  genus  jElurodon  appears  to  indicate  a  transition  towards 
the  HysBuoid  Ictiikerium ;  and  since  Cynodiciis  comes  extremely  dose 
to  some  of  the  ViverrideB,  we  learn  how  very  intimate  was  the  former 
connexion  between  the  now  well-marked  families  of  the  HyaBnidflB, 
YiverridaB,  Canidsd,  and  UrsidsB. 

The  Creodonta. — ^The  serial  position  of  the  forms  included  in  this 
group  have  been  already  discussed  in  our  preliminary  remarks. 
Prof.  Cope  includes  in  it  the  MesonychidsB  (1),  HysanodontidaB  (2), 
ChrysochloridsB  (3),  Centetidas  (4),  Leptictidas  (5),  Potamogalidas 
(MythomyidsB)  (6),  Talpidas  (7),  OxyaBnidas  (8),  and  Miacidas  (9). 
Nos.  3,  4,  6,  7,  are  existing  families  of  Insectivora,  the  remaining 
five  being  extinct  The  family  Oxyaanidaa  includes  the  genera 
Pterodon  and  Oxyana;  but  the  former  appears  so  closely  allied  to 
Hysenodon  that  we  are  inclined  to  place  all  three  in  the  same  family. 
Oxyana  and  Hyanodan  occur  in  the  Lower  Tertiaries  of  Europe  and 
America,  the  latter  being  also  represented  in  the  higher  Tertiaries  of 
India.  The  type  genus  of  the  first  /araily  is  Mesonyx — evidently  a 
very  generalized  form,  with  the  premolar  and  molar  teeth  but  little 
differentiated  from  one  another.  Space  only  admits  of  noticing  a 
few  of  the  more  interesting  forms  of  the  other  families.  The  genus 
Stypdophus,  Cope,  is  included  in  the  Leptictidae,  and  is  identical 
with  the  European  Cynohyemodan,  Filhol,  which  Prof.  Graudry  iden- 
tifies with  Praviverra,  Rutimeyer — the  latter  name  having  the  priority 
over  both  the  others.  Prof.  Cope  (p.  351)  mentions  a  slight  difference 
in  the  form  of  the  fourth  upper  premolar  of  the  typical  Proviverra^ 
but  we  are  not  inclined  to  regard  this  as  of  more  than  specific  value; 
The  author  regards  the  LeptictidaB  as  the  ancestral  forms  of  the 
modern  Centetida^.  The  upper  dentition  of  Stypolophus  is  very  like 
that  of  Pterodon,  but  the  lower  is  quite  distinct,  and  it  is  compared 
by  Dr.  Filhol  to  that  of  the  Opossums,  while  its  brain  is  that  of  an 
Insectivora.  It  is  probable  that  we  may  follow  Prof.  Huxley'  in 
regarding  this  genus  as  related  both  to  the  Hyasnodontidaa  and  the 
Centetidaa.  Another  interesting  genus  included  by  Professor  Cope 
in  the  LeptictidaB  is  that  to  which  he  applies  the  name  Esthonyx, 
but  which  has  been  shown  in  a  late  number  of  this  Maoazinb 
to   be   apparently    identical    with    the    European    Eocene    genus 

^  In  Prof.  Cope*8  table  Cants  is  erroneously  inclnded  among  the  extinct  genera, 
s  Proc.  ZooL  Soc.  1880,  p.  284. 
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PlatychcBrops.  The  author  thinks  that  this  genus  may  be  regarded 
as  an  ancestral  form  of  the  Erinaoeidae.  The  upper  molars  and 
the  hinder  premolars  are  triangular  in  form,  and  of  equal  com- 
plexity. In  the  family  Miacidsd  we  have  several  genera,  among 
which  we  may  mention  Miacis  and  Didimctis;  this  family  ProL 
Cope  regards  as  making  the  nearest  approach  to  the  modem  Cami- 
vora  Vera,  the  lower  jaw  being  furnished  with  a  true  ^*  oamassial" 
tooth.  This  approximation  fully  confirms  our  own  view  as  to  the 
impossibility  of  satisfactorily  distinguishing  the  so-called  Creodonta 
from  the  Gcunivora  Vera  on  the  one  side  and  the  Inseotivora  on  the 
other. 

The  Lemuroidea  and  the  Inaectivora, — In  this  memoir  the  author 
says  that  it  appears  impossible  to  draw  any  satisfactory  distinction  on 
the  evidence  of  the  skulls  and  teeth  alone  between  the  two  groups 
mentioned — the  latter  including,  it  may  be  presumed,  only  those 
forms  which  the  author  does  not  class  in  his  Creodonta.  This  con- 
fession appears  to  us  to  be  another  ailment  against  the  acceptance 
of  the  author's  order  Bunotheria  (of  which  the  Insectivora,  as 
restricted  by  him,  form  a  suborder) ;  the  retention  of  which  appears 
to  us  merely  to  obscure  the  relations  of  its  different  members.  In 
reference  to  Prof.  Cope's  so-called  Hyop$odu8  vicariua, — thb  is 
a  genus  which  in  a  paper  read  before  tiie  Geological  Society  on 
June  24:th  has  been  shown  to  be  probably  identical  with  the 
English  Upper  Eocene  genus  Microchcerus,  whose  afi&nities  appear  to 
be  decidedly  Insectivorine.  Lower  jaws  of  the  genera  NoAarHos 
and  Tamitherium  are  figured,  and  appear  to  indicate  forms  allied  to 
the  Lemurine  Necrolemur  and  Adapts.  A  genus  represented  by  species 
of  small  size,  and  named  Anaptomorphus,  is  considered  to  be  allied  to 
the  existing  Lemurine  Tarstusof  Java.  In  the  Insectivora  Prof.  Cope  in- 
cludes the  European  Eocene  genuBArctocyorif  on  account  of  the  form  of 
its  molars,  and  also  classes  in  the  same  family  the  American  AehtB- 
nodon.  With  regard  to  the  former  we  are  fain  to  confess  that  its 
afiinities  seem  so  generalized  that  it  appears  to  us  to  be  impossible  to 
assign  it  any  very  definite  position,  and  we  should  have  preferred  to 
have  placed  it  among  the  primitive  Carnivores  without  indicating  its 
relationship  too  closely.  When,  indeed,  we  reflect  how  very  diffi- 
cult it  has  been  to  assign  living  forms  like  Chiromya  and  Galeopt- 
thecuBf  where  we  have  the  whole  animal  before  us,  to  their  proper 
serial  position,  it  surely  cannot  be  expected  that  we  can  in  all  cases 
refer  fossil  mammals  to  a  definite  position  when  at  the  best  we  have 
only  more  or  less  perfect  portions  of  the  skeleton  to  guide  us.  Achm- 
nodon  appears  to  us  to  be  a  form  not  improbably  connecting  the  buno- 
dont  ungulates  like  Elotherium  (with  which  it  has  been  classed)  with 
the  unguiculate  mammals ;  its  affinity  to  the  latter  being  indicated 
by  the  nature  of  the  articulation  of  the  lower  jaw.  We  totally  fail 
however,  to  see  why  it  should  be  categorically  referred  to  the  Inseo* 
tivora. 

The  Tertiary  Marsupialia, — Our  author  divides  the  extinct  Mar- 
supials into  the  trituberculate,  quadrituberculate,  and  multituberou- 
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late  groups,  from  the  characters  of  their  upper  molar  dentition.  The 
first  is  equivalent  to  Owen's  Saroophaga ;  and  among  it  may  be  men- 
tioned the  European  and  North  American  Eocene  genus  Peratherium, 
which  Prof.  Gaudry  identifies  with  Didelphys.  The  second  group 
agrees  with  Owen's  Poephaga,  and  is  unrepresented  in  the  Tertiaries 
of  North  America.  The  Multituberculata  is  divided  into  the  Trity- 
lodontidaB,  represented  by  the  Mesozoic  Stereognathus  of  Europe  and 
Tritylodon  of  South  Africa ;  the  Polymastodontidas,  represented  by 
the  American  Eocene  Polymastodon;  and  the  Plagiaulacidsd,  repre- 
sented by  the  European  Mesozoic  Plagiatdax  and  the  Eocene  NeO' 
plagiatdax,  A  genealogical  table  is  given  on  page  695,  in  which  it 
is  sought  to  derive  Thylacoleo  through  Plagiaidax  from  Tritylodon ; 
but  it  appears  to  us  that  the  peculiar  structure  of  the  characteristic 
tooth  of  Plagiaulax  and  its  extremely  small  size  must  be  an  eff'ectual 
bar  to  this  view. 

The  Amblypoda. — We  have  already  given  our  opinion  in  favour  of 
regarding  this  so-called  order  as  a  suborder  of  the  Ungulata ;  it  is 
divided  into  the  sections  Taligrada,  Pantodonta,  and  Dinocerata.  The 
first  is  represented  by  the  single  genus  Panto/a7ii&(2a,  characterized  by 
the  presence  of  a  "  head  "  to  the  astragalus.  The  second  (for  which  we 
should  prefer  the  nameCoryphodontia)  includes  the  widely-distributed 
Coryphodon  Estacodon,  Metalophodon,  Bathmodon,  etc. ;  and  is  charac- 
terized by  the  presence  of  a  third  trochanter  to  the  femur — a  feature 
by  which  it  is  much  more  closely  related  to  the  Perissodactyla  than 
the  third  section,  in  which  it  is  absent.  The  latter  section  having 
been  fully  noticed  in  this  Magazine,  in  a  review  of  Prof.  Marsh's 
Dinocerata,  does  not  call  for  further  reference  on  this  occasion ;  a 
number  of  figures  of  Loxophodon  occur  in  it 

Permian  Batrachia, — Having  already  exceeded  the  space  we  had 
originally  assigned  to  this  notice,  we  must  pass  the  present  memoir 
wiQi  the  briefest  reference.  It  contains  descriptions  of  several  forms 
belonging  to  the  group  called  by  Prof.  Cope  the  Rhachitomi,  but 
which  we  think  might  be  more  advantageously  known  as  the  Arche- 
gosauria ;  it  being  in  our  opinion  far  preferable  to  take  group-names 
from  the  genera  which  have  been  the  longest  established  and  are  the 
best  known.  The  peculiar  structure  of  the  vertebral  column  in  this 
group  is  ingeniously  illustrated  by  the  folds  caused  by  flexure  in  the 
sleeve  of  a  coat  Figures  are  given  of  the  crania  of  Trimerorhachis, 
Eryops,  and  Cricotus  ;  all  of  which  appear  to  be  peculiar  to  America. 
That  this  group  had  originally  a  very  wide  extension  in  space  is 
proved  by  the  occurrence  of  representatives  in  the  Permian  of 
Europe  (Actinodan  and  Archegosaurus),  in  the  Karoo  system  of  South 
Africa  (Bhytidosteus),  and  in  the  €k)ndwana  system  of  India  (Gond- 
wanosaurus).  All  the  members  of  the  group  are  characterized  by 
the  imperfect  ossification  of  the  centra  of  the  vertebral  column ;  each 
of  which  consists  of  two  lateral  moieties,  an  azygos  basal  moiety, 
and  in  some  cases  of  a  fourth  element  corresponding  to  the  *'  wedge- 
bone  "  of  the  BhynchocephcUia, 

In  the  foregoing  notice  we  have  not  spared  adverse  criticism  where 
we  thought  diere  was  cause  for  the  same,  and  we  venture  to  think 
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that  such  criticism  is  of  itself  a  proof  of  onr  high  opinion  of  the 
work  before  us,  and  of  its  importance  in  regard  to  a  full  knowledge  of 
the  chain  of  Mammalian  existence.  We  congratulate  Prof.  Cope  on 
the  completion  of  so  much  good  work,  and  hope  that  it  is  but  the 
earnest  of  further  labours.  B.  L. 


I^EII^OI^TS   JiJJSTD   iFI^OOEEIDIlTa-S. 


BUITISH     ASSOOIATION     FOB     THE     AdYANOEMENT     OF     SoiENOE. 

Fifty-fifth  Meeting,  Aberdeen,  1885. 

Section  C. — Geology. 
President:  Prof.  J.  W,  Judd,  F.R.S.,  Sec.  G.S. 
Titles  of  Papers  retd  S^tember  lOth-— 16th,  1886. 

The  President's  Address: — On  some  Great  Problems  in  Highland 
Geology. 

H.  J.  Johnslon-Lavis, — Eeport  on  the  Volcanic  Phenomena  of  Vesuvius. 

Professor  J.  Milne, — Report  on  the  Earthquake  Phenomena  of  Japan. 

Professor  0.  A.  Zebour, — On  a  Slight  Shock  of  recent  Earthquake 
in  Sunderland. 

Dr.  Tempest  Anderson. — The  Volcanoes  of  Auvergne  illustrated  by 
Photographs  shown  by  the  Oxy hydrogen  Lantern. 

Professor  K  Htdl, — Notice  of  an  outline  G^logical  Map  of  Lower 
Egypt,  Arabia  PetrsBa,  and  Palestine. 

Professor  E.  EM. — On  the  Cause  of  the  Extreme  Dissimilarity 
between  the  Faunas  of  the  Red  Sea  and  Mediterranean,  not- 
withstanding their  recent  connection.  (Read  in  Biology,  Sec- 
tion D.) 

Professor  E.  Htdl. — On  the  Origin  of  the  Fishes  of  the  Sea  of  Galilee. 
(Read  in  Biology,  Section  D.) 

Professor  E,  HuU. — On  the  Occurrence  of  Lower  Old  Red  Conglome- 
rate in  the  Promontory  of  the  Fanad,  North  Donegal. 

Professor  T.  0.  Bonney, —  On  Bastite-Serpentine  and  Troktolite  in 
Aberdeenshire,  with  a  note  on  the  Rock  of  the  Black  Dog. 

Professor  W.  L  Macadam, — The  Aberdeenshire  Diatomaoeous  De- 
posits; their  Extent,  Chemical  Composition,  and  Industrial 
Uses ;  with  Notes  on  similar  Deposits  elsewhere  in  Scotland. 

W.  Whitaker, — List  of  Works  on  the  Geology,  Mineralogy,  and 
Palaeontology  of  Staffordshire. 

Lieut.- Colonel  R.  L.  Playfnir, — On  the  Re-discovery  of  Lost  Nu- 
midian  Marbles  in  Algeria  and  Tunis. 

C  E,  Be  Ranee  and  W.  Topley. — Report  of  the  Committee  on  the 
Erosion  of  the  Sea  Coasts  of  England  and  Wales. 

W.  Watson.—The  Chasm  called  "The  Black  Rock  of  Kilteam." 

Rev.  Br.  Davidson, — The  Bass  of  Inverurie,  a  remainder  of  an  ancient 
Alluvial  Bed. 

Br.  H.  W.  Crosskey. — Report  of  the  Committee  on  the  Erratio 
Blocks  of  England  and  Wales. 
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Professor  H,  CarviU  Lewis. — The  Direction  of  Glaciation  as  ascer- 
tained by  the  Shapes  of  the  Stri». 
TT.  F.  Stanley. — Proposed  conditions  to  account  for  a  former  Glacial 

Period  in  Great  Britain  existing  under  similar  Meteorological 

Conditions  to  those  that  rule  at  the  present  time. 
Dr,  H.  Hicks. — On  the  Fynnon  Beuno  and  Cae-Gwyn  Bone-Caves, 

North  Wales. 
£ev.  Br.  Hugh  itftte/ieZL— Exhibition  of  Specimens  of  Fish  from  the 

Lower  Old  Red  Sandstone  of  Forfarshire. 
J.  Gordon  Phillips. — The  Elgin  Sandstones. 
Dr.  E.  H.  Traquair. — Preliminary  Note  on  a  new  Reptile  recently 

discovered  at  New  Spynie,  near  Elgin. 
J.  8.  Gardner. — Report  on  the  Fossil  Plants  of  the  Tertiary  and 

Secondary  Beds  of  the  United  Kingdom. 
Professor    C.   Lapworih.—H\iQ   Great    Highland    Controversy;    its 

Causes,  Course,  and  Consequences. 
B.  N.  Peach  and  J.  Home. — The  Geology  of  Durness  and  Eriboll, 

with  special  reference  to  the  Highland  Controversy. 
Professor  T.  G.  Bonney. — Preliminary  Note  on  some  Traverses  of  the 

Crystalline  District  of  the  Central  Alps. 
Professor  H.  CarviU  Lewis. — Some  Examples  of  Pressure-Fluxion 

in  Pennsylvania. 

A.  Harlcer. — On  Slaty  Cleavage  and  Allied  Rock-structures ;  with 

special  reference  to  the  mechanical  theories  of  their  origin. 
O.  H.  Kinahan. — On  Irish  Metamorphic  Rocks. 
John  Gunn. — A  Description  of  the  Rocks  of  Central  Caithness. 
Professor  A.  Benard.^On.  some  Rock  Specimens  from  the  Islands  of 

the  Fernando  Nohronda  Group. 
Sev.  E.  Hill. — The  Average  Density  of  Meteorites  compared  with 

that  of  the  Earth. 
Professor  Henry  Drummond. — Notes  on  a  recent  examination  of  the 

Geology  of  East  Central  Africa,  from  the  Zambesi  to  the  Nyassa 
•  Tanganyika  Plateau. 
Dr.  Max  Schuster. — Some  Results  of  the  Ciystallographic  Study  of 

Danburite. 
Sir  B.    Owen. — American  Evidences  of  Eocene  Mammals  of  the 

"  Plastic  Clay  "  Period. 
Sir  B.  Owen. — Exhibition  of  a  Restoration  of  Tinoceras. 
Professor  0.   C.  Marsh — Discovery  of  Anurous  Amphibia  in  the 

Jurassic  Deposits  of  America. 
Professor  T.  B.  Jones. — Report  on  the  Fossil  Phyllopoda  of  the 

Palsdozoic  Rocks. 
Dr.  B.  H.  Traquair. — On  the  Distribution  of  Fossil  Fishes  in  the 

Estuarine  Beds  of  the  Carboniferous  Formation. 
Hugh  Miller. — Some  results  of  a  detailed  Survey  of  the  old  Coast- 

L  nes  near  Throndhjem,  Norway. 
J.  Jtfe/wn.— The  Parallel  Roads  of  Lochaber. 

B.  N.  Peach  and  J.  Home. — Further  Evidence  of  the  existence  of  the 

Ice  in  the  North  Sea  Basin,  based  on  the  Exploration  of  the 
Wyville-Thomson  Ridge  by  Dr.  John  Murray;  and  on  the 
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ooourrenoe  of  Shelly  Boulder-olay  in  North  Bonaldshay,  found 

by  Dr.  Traill. 
S.  CadelL — Beoeut  Adyanoes  in  West  Lothian  G^eology. 
Frofessor  F,  Clowes. — Barium  Sulphate  as  a  cementing  material  in 

Sandstone. 
A.  Q,  Cameron, — Notes  on  Fallers'  Earth  and  its  applications. 
Dr.  <7.  C  Howden. — Notes  on  the  Glacial  Deposits  of  Montrose. 
Alex,  Bobs, — Notes  on  the  Bocks  of  St  Kilda. 
C.  E.  Be  Ranee. — Beport  of  the  Committee  on  the  Circulation  of 

Underground  Waters. 
W.  Whitaher.^On  Deep  Borings  at  Chatham.     A  Contribution  to 

the  Deep-seated  Oology  of  the  London  Basin. 
IF.  TFAttolfcr.— On  the  Waterworks  at  G^ldstone  Bottom,  Brighton. 


COI^I^B3S:E>OIsrX)JE31?rOB3. 


FOSSIL  SLUGS. 

Sib, — A  correspondent  has  inquired  whether  any  fossil  slugs  are 
known.  Having  unfortunately  mislaid  his  letter,  perhaps  you  will 
kindly  permit  me  to  answer  the  question  in  your  pages. 

TeataceUa  is  recorded  from  the  Middle  and  Upper  Miocene  and 
Pliocene. 

Limax  from  the  Lower  Miocene,  upwards. 

Amalia  from  the  Upper  Miocene. 

FarmaceUina  from  the  Upper  Eocene. 

Arion  aier  from  the  Pleistocene. 

Vitrina,  Suceinea,  Hyalinia  are  found  fossil  in  the  Tertiaries,  but 
scarcely  perhaps  enter  the  category  of  •*  slugs,"  a  rather  vague  term. 

Probably  many  other  slugs  are  known  as  fossils  in  America,  but 
it  is  of  course  only  genera  provided  with  some  sort  of  shell  that  can 
possibly  leave  behind  any  fossil  remains. 

7,  Dambb  Tb&]lacb,  Chblsba,  Sept,  14,  1885.         J.  Starkik  Gabdnkb. 


OBITTJ^i^ir. 


HENRI    MILNE  EDWARDS. 
Born  Oct.  23,  1800;   Died  July  29, 1886. 

With  regret  we  record  in  our  present  issue  another  loss  to  Science 
— the  loss  of  a  Naturalist  who  for  more  than  sixty  years  devoted 
himself  with  unswerving  perseverance  to  the  unravelment  of  the 
mysterious  and  wondrous  phenomena  of  animal  life :  and  we  shall 
not  be  overstepping  the  limits  of  our  record  by  preserving  in  its 
pages  a  brief  sketch  of  the  work  of  a  man  who,  while  ranking  as  a 
chief  among  zoologists,  carried  his  researches  into  the  domain  of 
palaeontology  also. 

Henri  Milne  Edwards,  though  bom  at  Bruges— on  October  23, 
1800 — was  of  English  parentage.  His  father,  Lieutenant-Colonel 
Edwards,  had  settled  in  that  city  after  successful  operations  as  a 
planter  in  Jamaica.     His  mother,  Elizabeth  Vaux,  a  second  wife. 
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claimed  descent  from  Sir  Nicholas  Vaux  of  Harrowden,  first  Baron 
Vaux.     Henri  was  his  father's  twenty -seventh  child.     During  the 
incarceration  of  Colonel  Edwards  in  Belgium,  on  suspicion  of  aiding 
the  escape  of  some  prisoners,  Henri  was  placed  in  the  care  of  his 
eldest  brother  William,  the  eminent  physiologist.    Most  reputations 
may  be   traced  to  the  fostering  of  early  inclinations,  and  that  of 
Henri  Milne  Edwards  had  its  incipience  in  a  scientific  analysis  he 
essayed  in  his  boyhood  of  Buffon*s  Htstoire  des  Animmix.     Educated 
for  the  medical  profession,  but  dividing  his  leisure  between  painting 
and  music,  he  took  his  M.B.  degree  at  Paris  in  July,  1823,  in  which 
year  he  married  Laure,  daughter  of  Colonel  Trezel.     This  union, 
which  was  one  of  affection,  stimulated  Edwards  in  the  noble  aims  of 
his  career.    Thus  early  he  addressed  several  memoirs  to  the  Academy 
of  Sciences,   Paris,   one  of  which,   carefully  elaborated  with   the 
assistance  of  F.  Yavasseur,  on  the  Influence  du  syst^me  nervetix  sur  la 
digestion  stomacale,  attracted  considerable  notice.     It  was  a  subject 
he  continued  later  on  in  his  memoire,  with  G.  Breschet,  on  the 
phdnom^nes  de  la  digestion.     Another  paper  printed  at  this  dawning 
period  (1823)  deserves  mention.    It  was  his  Mdmoire  sur  la  structure 
iUmentaire  des  principaux  tissus  organiques  des  animaux.     Two  years 
later  the  necessities  of  an  increasing  family  further  stimulated  his 
exertions.     He  published  elementary  treatises   on  medicine,   and, 
conjointly  with  Vavasseur,  the  well-known  Manuel  de  matiere  midicale, 
translated    into    the    principal    European    languages.     Edwards's 
passion  for  the  study  of  Natural  History  at  this  time  developed  itself, 
and  the  numerous  and  admirable  works  which  he  brought  out  year 
by  year  threw  new  light  on  many  of  the  problems  of  animal  life. 
Hitherto,  naturalists  had  been  content  to  base  their  work  on  exterior 
characteristics,  and  the  new  and  more  philosophic   departure  in- 
augurated by  Cuvier,  namely,  that  in  order  to  judge  of  the  true 
relationship  of  animals,  all  their  organs  must  be  well  understood, 
was  followed  up  by  Edwards  with  keenness  and  activity,  especially 
in  regard  to  modes  of  development ;  and  the  study  of  comparative 
anatomy  and  comparative  physiology,  pari  passuj  thus  started,  has 
been  since  accepted  as  the  only  true  method  of  investigation   in 
scientific  research.     Edwards  may  be  said  to  have  taken  the  lead  in 
biological  inquiry,  and  to  have  pioneered  the  geographical  distribution 
of  the  lower  forms  of  animal  life.     In  order  to  arrive  at  a  reason- 
able understanding  of  the  plan  governing  the  constitution  of  the 
animal  kingdom  he  endeavoured  to  judge  of  causes  by  their  effects ; 
not  that,  for  a  single  moment,  he  says,  did  he  believe  himself  to  be 
able  to  divine  the  mother-thought  from  which  emanated  the  vast 
conception  of  life,  nor  to  determine  the  route  followed  by  the  Great 
Author  in  the  execution  of  His  work.     But  Edwards  went  thus  far 
to   declare   that,  though  he  found  that  organisms  are  not  really 
identical,  the  first  condition  imposed  upon  Nature  in  the  formation 
of  animals  appears  to  be  diversity  of  productions.     It  was  his  com- 
prehensive and  analytical  method  of  exploitation  constantly  applied 
which  realized  the  laws  presiding  over  the  organization  of  animated 
nature — laws  which,  put  by  him  on  a  sure  foundation,  must  be 
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understood  by  naturalists  of  the  future.     Edwards's  life  forms  a 
trophy  of  laurels  won  in  the  proseoution  of  these  views. 

Id  the  year  1826  he  oommenoed  with  J.  Y.  Audouin  a  series  of 
researches  on  the  anatomy  and  zoology  of  animals  of  the^ooasts  of 
France,  which  he  visited  more  particularly  to  study  living  forms 
and  to  investigate  habits  ;  and  before  the  year  had  expired  he  gave 
the  result  of  these  researches  in  a  work  entitled  Littoral  de  la  France, 
a  great  part  of  which,  concerned  with  annelids,  was  eulogized 
by  Cnvier.  The  following  year,  in  collaboration  with  the  same 
naturalist,  he  published  Uie  remarkable  studies  in  experimental 
physiology :  Recherches  anatomiquee  et  physiologiques  aur  la  drctda- 
iion  dan8  les  cru$taci8—&  work  which  obtained  in  1828  the  prize  for 
physiology  given  by  the  Academy  of  Sciences.  By  this  inquiry,  as 
declared  by  Cuvier,  he  enriched  the  fauna  of  France  with  new  and 
curious  species,  and  zoology  generally  with  interesting  observations. 
The  results  were  submitted  to  the  Academy  in  July  and  November, 
1829,  and  they  form  the  subject  of  an  elaborate  report  presented  in 
November,  1830,  by  Cuvier,  Dumeril,  and  Latreille,  in  which  the 
first  idea  of  zones  of  marine  life  was  promulgated.  The  great 
principle  discovered  by  these  researches  was  that,  the  more  an 
animal  exhibits  in  its  organs  a  division  of  labour,  the  higher  it  is  in 
the  scale  of  organization ;  and  they  obtained  for  Edwards  the  credit 
of  being  the  founder  of  the  morphology  of  crustaceous  animals. 
Moreover,  his  work  became  the  standard  authority  on  the  group. 
Although  in  1832  Edwards  was  elected  Professor  of  Natural  History 
at  Lycee  Henri  IV.,  and  at  the  Central  School  of  Arts  and  Manufac- 
tures, he  produced  several  popular  works  on  natural  history,  among 
which  were  the  N^ouveau  FormtUaire  pratique  dea  Hdpitaux  and  the 
EUments  dhiatoire  naturelle  of  A.  Comte.  The  latter  work  was  re- 
produced to  the  extent  of  a  hundred  thousand  copies,  and  was  re- 
issued in  1851  as  a  Coun  dlhiMntaire  de  zoologie,^  The  study  of  marine 
animals  now  absorbed  Milne  Edwards's  attention.  Astonished  at 
the  profusion  and  richness  of  forms  yet  unknown  exhibited  by  the 
crustaceans  in  the  galleries  of  the  Mus6e  d'Histoire  Naturelle,  he 
resolved  to  write  a  complete  history  of  these  animals.  His  work, 
printed  in  the  years  1834 — 1840,  and  entitled  Histoire  Naturelle  de$ 
Crustads  (3  vols,  and  atlas),  bears  on  every  page  evidence  of  the 
author's  remarkable  powers  of  observation,  as  does  also  his  article 
*'  Crustacea,"  contributed  in  this  interval  to  Todd's  CyclopsBdia.  A 
visit  to  the  coasts  of  Algeria  was  undertaken  in  1836,  and  the 
materials  then  collected  were  given  to  the  scientific  world  in  a 
series  of  memoirs  styled  Becker ches  anatomiquee  et  zoologiquee  but  lee 
polypes,  one  marked  result  being  the  separation  of  the  polyzoa  from 
the  polyps,  included  together  in  the  group  of  Hadiata  founded  by 
Cuvier.  The  importance,  number,  and  variety  of  his  works  had 
already  surprised  zoologists,  and  on  the  death  of  Cuvier,  in  1838, 

^  This  work  was  also  translated  into  English  by  Br.  R.  Knox  (London  1856) 
and  had  a  very  large  sale  in  this  country .  Many  other  copies  of  the  work  net 
bearing  Milne  Edwards* a  name,  have  been  published  **by  English,  Scotch,  Irish, 
and  American  literary  contrabandists.'' — (£nox). 
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Edwards  was  selected  to  snooeed  him  in  the  Academy  of  Sciences 
in  the  Departments  of  Anatomy  and  Zoology. 

The  Notice  of  his  works  on  this  occasion  included  a  resume  of 
sixty-six  original  memoirs,  apart  from  numerous  articles  inserted  in 
the  Dictiannaire  Claaaique  d'Hiatoire  Naturelle,  and  other  similar 
publications.  In  this  same  year  Edwards  began  the  superintendence 
of  the  new  edition  of  Lamarck's  Hisioire  Naiurelle  des  non-verUbres, 
continued  to  1845 ;  and  he  was  now  charged  with  the  class  of 
anatomy  and  comparative  physiology  until  then  under  the  direction 
of  Greoffroy  Saint-Hilaire.  These  appointments,  however,  do  not 
appear  to  have  interfered  with  the  progress  of  his  special  pursuits. 
In  1839,  after  further  researches  on  the  Coasts  of  la  Manche,  etc., 
continued  the  year  following  at  Nice,  he  published,  in  a  series  of 
memoirs,  the  facts  which  he  had  gathered  concerning  the  embryology 
and  comparative  anatomy  of  the  Ascidiaus.  Herein  he  gave  the 
first  definite  account  of  the  mode  of  reproduction  by  budding.  The 
development  of  beings  which  before  had  never  been  utilized  in  the 
comparative  study  of  animals  appeared  to  him  to  constitute  a  subject 
of  the  highest  value ;  and  his  speculations  show  how  great  a  part 
embryology  plays  in  zoological  science.  In  1841  he  succeeded  his 
friend  J.  Y.  Audouin  as  Professor  of  Entomology  at  the  Museum  of 
the  Faculty  of  Sciences.  Bent  on  making  progress  with  the  study 
of  marine  animals,  Edwards  conceived  the  idea  of  dredging  up 
specimens  from  the  bottom  of  the  sea,  particularly  at  great  depths, 
and  of  bringing  to  light  a  submarine  world  of  animal  existence  then 
unknown.  The  appliances  for  dredging  were  at  that  time  of  a 
primitive  description,  and  he  did  not  hesitate  to  risk  his  life  in 
diving  operations.  This  happened  on  the  coast  of  Sicily,  during 
a  voyage  undertaken  in  company  with  A.  de  Quatrefages  and  E. 
Blanchard.  The  results  were  considerable,  and  were  explained  in 
the  work,  Becker chea  anatomiquea  et  zoologiquea  faites  pendant  un 
voyage  aur  lea  cdtea  de  la  Sidle.  They  form  a  splendid  quarto 
volume  of  over  850  pages,  illustrated  with  nearly  100  coloured 
plates.  The  work  is  for  the  most  part  a  corrected  report  of  the 
series  of  memoirs  contributed  to  the  Annalea  dea  aciencea  naturellea. 
On  his  return  in  1844,  Edwards  was  nominated  Professor  of  Com- 
parative Physiology  to  the  Faculty  of  Sciences  of  Paris,  and  five 
years  later  he  undertook  the  functions  of  Dean  of  the  Sorbonne,  an 
office  which  he  held  to  the  day  of  his  death.  The  superintendence 
of  the  removal  of  the  laboratories  was  a  tcusk  which  Milne  Edwards 
successfully  accomplished,  to  the  great  advantage  of  future  students. 
In  April,  1847,  he  was  created  an  officer  of  the  Legion  of  Honour, 
and  was  promoted,  August  31,  1861,  to  the  rank  of  a  commander. 

Jointly  with  Jules  Haime,  Milne  Edwards  published  in  the 
Palsdontographical  Society's  volumes  for  1850-54  a  Monograph 
of  the  Britiah  Foaail  Corala,  and  the  next  year  a  Monographic  dea 
Polypiera  foaailea,  both  subjects  being  treated  in  a  ihasterly  manner, 
and  forming  a  most  solid  contribution  to  palssontological  knowledge. 
The  year  succeeding  Edwards  produced  another  long  memoir — on 
the  Morphology  of  Cruatacea ;  and  very  shortly  after  his  work  on 
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the  Tendances  de  la  Nature,  in  which  he  gave  forth  his  opinions 
on  the  vitality  of  different  parts  of  organisms.  We  have  additional 
evidence  of  the  versatility  of  his  genius  ahout  this  period  in  further 
Becker ches  aur  lee  polypiers  (eight  memoirs,  with  Hairoe,  1848), 
a  paper  on  the  mceura  de  divers  insects  scylophages  (1848),  and  a 
report  on  pisciculture  (1850).  Elected  an  Associate,  in  1854,  of  the 
Academy  of  Medicine,  in  1856  he  visited  London  to  receive  from 
the  Royal  Society  the  Copley  Medal,  in  presenting  which  the 
President  declared  that  it  would  he  a  difficult  task  to  name  any  one 
existing  naturalist  who  had  prosecuted  his  researches  with  suooess 
over  so  wide  a  range  of  investigation.  On  the  death  of  Haime,  in 
that  same  year,  Edwards  completed  the  Histoire  natureUe  des  Coral- 
liaires  ou  Polypes,  3  vols,  and  atlas.  On  the  28th  May,  1862,  he 
succeeded  Isidore  Geoffrey  Saint-Hilaire  as  Professor  of  Zoology  at 
the  Musee,  of  which  shortly  after  he  hecame  Assistant- Director. 
In  18f)7  appeared  his  Rapport  sur  les  progris  rieents  des  sciences  zoolo- 
giques  en  France,  The  Lemons  sur  la  physiologic  et  Vanatomie  de 
V Homme  et  des  Animaux  were  published  between  1857  and  1881,  in 
fourteen  volumes.  They  were  dedicated  to  his  relative  M.  J.  Dumas, 
and  will  always  possess  importance  for  the  student  from  the  immense 
amount  of  details,  accompanied  by  copious  references  to  the  labours 
of  others,  which  they  contain  in  limited  compass.  On  the  appear- 
ance of  the  last  volume,  a  portrait-medal  of  the  author  was  struck 
by  his  pupils  and  admirers;  at  the  same  time  the  Society  of  Sciences 
of  Holland  designated  him  as  the  recipient  of  the  Boerhave  Medal, 
given  for  the  most  valuable  works  in  Natural  History.  Various 
learned  societies  had  enrolled  Edwards  among  their  members. 
Crowned  with  the  honour,  and  success  of  a  long  life  devoted  to  the 
advancement  of  science,  Henri  Milne  Edwards  died  at  Paris  on  the 
29th  of  July  of  the  present  year.  The  wide  range  of  his  knowledge 
of  zoology  has  rarely  been  equalled  ;  and  it  must  be  borne  in  mind 
that  he  laboured  when  the  study  of  zoology  was  scarcely  settled  on 
a  scientific  basis.  A  glance  at  the  Royal  Society's  catalogue  of 
papers  to  1868  will  at  once  be  convincing  in  regard  to  his  work; 
106  papers  are  placed  to  his  credit  alone,  while  thirty  appear 
in  connection  with  other  well-known  men  of  science.  Generation, 
changes  of  form,  mode  of  growth,  mechanism  of  respiration,  forms 
of  blood -corpuscles,  the  nervous  system,  circulatory  apparatus, 
geographical  distribution,  are  among  the  subjects  treated  in  the 
side-walks  as  we  may  term  them  of  his  career. 

Personally,  Milne  Edwards  was  of  a  delicate  constitution,  and  the 
interest  excited  by  his  discoveries  may  be  said  to  have  prolonged 
his  life  to  the  advanced  age  he  reached.  He  was  a  good  linguist, 
his  English  and  French  being  perfect  His  love  for  France  and  its 
people  displayed  itself  in  many  instances  of  bravery  and  self-sacrifice 
during  the  cholera  epidemic  of  1832  and  the  Franco-German  war 
which  broke  out  in  1870.  His  rare  qualities  and  generous  nature 
will  be  missed  by  many  a  student  and  confrere,  while  the  scientific 
world  will  mourn  the  loss  of  the  remarkable  powers  of  elucidation 
and  classification  evidenced  by  his  life-long  labours. — T.N. 
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L — The  Fossil  Insects  of  the  Primary  Rocks  :  a  Rapid  SuuvjffT'^ 
OP  T^E  Entomological  Fauna  op  the  Paubozoio  Period.^ 

By  CHABLE8  BSONONIART, 

Honorary  and  Corresponding  Member  of  the  Manchester  Geological  Society. 
(PLATE  XII.) 

THE  fossil  insects  of  PalaBOzoic  times  are  bat  little  known,  in  con- 
sequence of  the  small  number  of  specimens  which  have  been 
discovered  in  the  various  Carboniferous  deposits  of  the  globe. 

Moreover,  these  specimens  are  usually  imperfect,  and  authors 
generally  have  had  at  their  di^)08al  only  fragments  of  wings,  the 
soft  parts  of  the  body  having  probably  been  decomposed,  leaving  no 
trace  in  the  shales., 

The  rarity  and  the  imperfection  of  the  specimens  are  the  principal 
causes  why  so  few  naturalists  have  taken  up  the  study  of  the  fossil 
Hexapoda. 

The  important  discoveries,  however,  made  since  1878,  in  the  mines 
of  Commentry  (Allier) — thanks  to  the  devotion  of  the  enlightened 
Director  of  these  mines,  M.  Henry  Fayol — have  resulted  in  giving 
us  more  exact  notions  of  the  Insect  fauna  of  the  Coal  Period. 

Whilst  in  Europe  and  North  America  there  have  been  described  {  /  v  ^ 
only  about  120  examples,  at  Commentry,  si*^  -^  1878,  1300  have  beenj 
met  with,  of  which  the  greater  par"*  is  aerfftirably  preserved.  Up  to 
the  time  of  these  disooverie|  no  idea  of  the  form  of  the  body  of  these 
Coal-insects  could  be  give^;  but  I  am  now  in  a  position  to  make 
known  the  external  anatomical  details  of  the  bodies  of  these  wit- 
nesses of  bygone  ages. 

The  wings  of  insects  furnish  valuable  information  to  aid  in  their 
determination,  but  one  must  not  always  rely  solely  on  their  form 
and  neuration,  for  it  would  often  result  in  the  commission  of  grave 
errors- 
It  is  necessary,  as  much  as  possible,  to  take  into  account  the 
characters  of  the  body.  Many  authors,  having  had  at  their  command 
only  wings,  or  fragments  of  wings,  have  sometimes  been  deceived  in 

^  Translated  and  read  before  the  Manchester  Geological  Society,  October  6th,  1885, 
by  Mark  Stirrup,  F.G.S.,  Hon.  Sec.  Rerised  and  reprinted  Dy  permission  of  the 
author  and  translator.  With  a  plate,  from  the  Bulletin  de  la  Soci^t^  des  Amis  des 
Sciences  Naturelles  de  Rouen  (ann^e  1886,  1^  semestre). 
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their  determinations.  Moreover,  it  has  been  too  long  thought  possible 
that  the  divisions  created  to  classify  living  insects  could  be  made  to 
include  all  fossil  insects. 

It  is  curious  to  find  how  little  these  insects  have  changed,  and  to 
see  that  creatures,  vrhich  are  reckoned  among  the  most  ancient,  have 
undergone  modifications  of  only  a  secondary  order,  in  coming  down 
from  the  Coal  period  to  the  present  time. 

Nevertheless,  there  is  more  homogeneity  among  the  primary  Hexa- 
pods  than  is  presented  by  this  group  to-day,  but  this  need  not 
astonish  us. 

The  insects  which  are  found  in  the  Palseozoic  shales  belong  to 
types  represented  at  the  present  day  by  the  Orthoptera,  the  Neurop- 
tera  and  the  Hemiptera.        . 

Some  authors  have  announced  the  discovery  of  Coleoptera;  but  these 
so-called  Coleoptera  are  really  fossil  fruits  or  parts  of  Arachnida  (?). 

I  have,  myself,  considered  the  perforations  found  in  some  fossil 
wood  to  have  been  the  work  of  Coleopterous  insects ;  but  if  that 
were  so,  Coleoptera,  which  have  hard  elytm,  would  surely  have  left 
their  impressions  on  the  shales. 

The  presence  of  Coleoptera  in  these  Palaeozoic  deposits  seems  to 
me  then  very  doubtful,  and  one  can  only  assume  as  certain  the  exist- 
ence of  Hemiptera,  Orthoptera  and  Neuroptera. 

But  the  limits  of  the  two  latter  orders  have  been  very  diflferently 
estimated  by  various  authors,  some  not  considering  the  classification 
as  a  natural  one,  and  are  therefore  inclined  to  unite  them  in  a  single 
group.  This  would,  in  my  opinion,  be  going  too  far.  The  existing 
Orthoptera  are  well  characterized  as  much  by  the  general  form  of 
the  body  as  by  the  neuration  of  their  wings,  and  by  their  incomplete 
metamorphoses. 

The  Physopoda,  the  Corrodentia,  and  the  Amphibiotica,  have, 
with  good  reason,  been  united  to  the  Orthoptera  properly  so  called, 
under  the  denomination  of  Orthoptera  pseudo-Neuroptera.  The 
latter  (Orthoptera  pseudo-Neuroptera)  would  have  been  placed 
a  long  time  ago  among  the  Neuroptera,  but  their  incomplete  meta- 
morphoses ranged  them  rather  with  the  Orthoptera. 

The  true  Neuroptera  are  then  the  Planipennia  and  the  Trichoptera, 
which  have  complete  metamorphoses.  The  members  of  the  latter 
sub-order  may  serve  as  links  to  unite  them  with  the  Lepidopteray 
as  much  on  account  of  the  neuration  of  their  wings  and  of  the  scales 
or  hairs  which  cover  them,  as  for  the  buccal  apparatus,  which  forms 
a  sort  of  proboscis  by  the  union  of  the  jaws  and  of  the  lower  lip, 
the  mandibles  being  atrophied. 

Among  the  Hemiptera,  the  Homoptera  or  Cicadidae  are  the  insects 
with  incomplete  metamorphoses.  Some  naturalists  have  wished  to 
divide  insects  into  two  great  groups — those  which  have  incomplete, 
and  those  ^hioh  have  complete  metamorphoses.  It  is  easy  to  prove 
the  defect  of  this  classification  from  the  indications  mentioned  pre- 
viously. In  fact,  it  would  be  compulsory  to  sunder  the  Neuroptera 
(Plan  ipennia  and  Trichoptera)  from  the  Orthoptera  pseudo-Neuroptera, 
insects  which  are  in  reality  very  closely  allied.    For  analogous 
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reasons,  one  is  obliged  to  abandon  the  division  into  Mandibulata  and 
Haustellata. 

In  1863  Dr.  A.  S.  Packard,  jun.,  proposed  to  oreate  two  series 
among  the  insects:  the  Mstabola.  and  the  Hbtbbombtabola.  In 
this  latter  group  he  ranges  the  Coleoptera,  Orthoptera,  Neuroptera, 
and  Hemiptera;  bringing  into  the  first  group  the  Hymenoptera, 
Diptera,  and  Lepidoptera. 

Mr.  Samuel  H.  Scudder  had  the  same  idea  in  this  respect  as 
Packard ;  he  created  the  names  of  Stemoptena  (Metabola  of  Packard) 
and  of  Gastroptena  (Heterometabola  of  Packard).     But  the  terms  \ 
employed  by  Packard  seemed  to  him  better  fitted  for  general  use,  J  1 
and  he  has  adopted  them. 

Packard  and  Scudder  start  upon  the  principle  that  the  more  an 
Arthropod  has  the  three  regions  of  the  body  (head,  thorax,  and 
abdomen)  clearly  distinct,  the  one  from  the  other,  the  more  it  is 
raised  in  organization.  It  is  among  the  Hexapoda  that  this  character 
is  most  prominent :  the  Myriopoda,  on  the  contrary,  being  the  most 
degraded  in  consequence  of  the  great  number  of  segments  of  which 
the  body  is  composed.  The  higher  Crustacea  and  the  Arachnida  are 
intermediate  examples,  for  the  head  and  the  thorax  are  united,  and 
form  the  Cephalothorax.  Among  insects  the  component  parts  of 
the  thorax  are  more  or  less  united  together  among  themselves,  and 
those  types  whose  thoracic  segments  are  most  united,  and,  con- 
sequently, whose  organs  of  flight  are  most  nearly  connected,  must 
be  considered  the  most  perfect. 

The  Metabola.  are  the  Hexapoda  which  present  this  perfection  in 
the  highest  degree.  They  form  unquestionably  a  more  homogeneous 
section  than  the  Hetbrometabola,  and  are,  moreover,  of  more 
recent  appearance  on  the  surface  of  the  globe. 

Let  us  then  briefly  state  the  principal  characters  of  these  two 
great  groups  of  insects,  as  Packard  and  Scudder  have  described 
them: — 

Mbtabola.  Hbtbbombtabola. 

Body  clearly  divided  into  three  Tery  Body  divided  into  three  parts ;    the 

distinct  parts  (head,  thorax,  abdomen),      three  segments  of  the  thorax  are  very 
the  three  segments  of  the  thorax  closely      distinct, 
onited  together. 

Component  pieces  of  the  month  ar-  Month  arranged  ^nerally  for  masticat- 

ranged,  as  a  whole  or  in  part,  for  suction.      ing,  rarely  for  sucking. 

Mandibles  rarely  opposed  one  to  the  Mandibles  opposite  one  another, 

other. 

Anterior  wings  membranaceous   and  Anterior  wings  more  or  less  coriaceous, 

much  lar^r  than  the  posterior,  whkh      with  very  numerous  and  strong  nerrures, 
are  sometunes  rudimentary.  generally  longer  and  straighter  than  the 

posterior  wings,  or  equal  to  them. 

Larra  generally  soft,  not  resembling  Larva  most  frequently  resembling  the 

the  adult.  adult. 

Pupa  always  inactive.  Pupa  active  or  inactive. 

Complete  metamorphosis.  Metamorphosis    most    frequently   in- 

complete. 

Lepidoptera— Diptera—Hymenoptera.  Hemiptera— Neuroptera—  Orthoptera . 

It  will  be  remarked  that  I  have  omitted  to  mention  the  Coleoptera, 
which  Scudder  places  among  the  Heterometabola ;  but  in  my  opinion, 
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the  Coleoptera  form  an  intermediate  group,  or  are,  at  least,  among 
the  Heterometabola,  in  courRe  of  progression  towards  the  Metabola. 

In  the  Palsdozoio  rocks  the  presence  of  Coleoptera  is,  as  already 
remarked,  very  prohlematical,  and  the  orders,  whose  existence  has 
heen  proved,  all  belong  to  the  great  section  of  the  Heterometabola. 
The  classification  of  MM.  Packard  and  Scudder  is  therefore  that 
which  agrees  best  with  the  evidence  afforded  by  palasontology,  em- 
bryology, and  morphology. 

We  proceed  now  to  pass  in  review  the  Heterometabola  found  in 
the  Palseozoio  formations,  showing  the  relationships  which  they 
offer  to  the  present  fauna. 

SiLTJBiAN  System. — An  insect  was  found  this  year  in  the  sand- 

/  stone  of  Jurques  (Calvados)  analogoiis  to  the  May-Hill-Sandstone 

f  belonging  to  the  Middle  Silurian.     On  Nov.  12,  1884,  MM.  Thorell 

^  and  Lindstrom  announced  the  discovery  of  a  Scorpion  {PahBoph(mus 

nuncius)  in  the  Upper  Silurian  of  the  island  of  Gotland.     Almost  at 

the  same  time  a  second  Scorpion  was  discovered  in   Scotland   in 

similar  deposits.^    The  impression  on  the  Jurques  sandstone  consists 

of  a  wing  whose  neuration  recalls  that  of  certain  Orthoptera  of  the 

families  of  the  AcrididsB,  Locustid»,  and  especially  of  the  Blattidce. 

That  which  is  very  remarkable,  and  which  distinguishes  this  im- 
pression from  all  the  wings  of  living  or  fossil  Blatta,  is  the  length  of 
the  anal  nervure  and  the  small  width  of  the  axillary  field.  Pending 
new  discoveries  which  may  enlighten  us  concerning  the  zoological 
affinities  of  this  fossil,  we  have  placed  it  in  the  family  of  the  Blattidsd, 
^  /under  the  name  of  Palaoblattina  DouvxUei. 

Devonian  System. — Several  remains  of  wings  have  been  found  in 
the  Devonian  shales  of  New  Brunswick ;  they  have  been  studied 
with  care  by  Mr.  Scudder,  who  has  referred  them  to  the  Neuroptera 
or  to  the  Orthoptera  pseudo-Neuroptera.* 

The  estimate  of  the  affinities  of  these  insects  is  very  difficult,  and 
Mr.  Hagen  has  blamed  Mr.  Scudder's  mistakes  in  his  determina- 
tions. Without  wishing  to  detract  from  the  importance  and 
excellence  of  Mr.  Scudder's  work,  we  consider  that  this  naturalist 
has  been  a  little  too  hasty  in  his  conclusions,  and  that  his  determina- 
tions are  at  least  a  little  risky,  having  regard  to  the  bad  state  of 
preservation  of  his  material.  Nevertheless,  Mr.  Hagen  has,  in  our 
opinion,  wandered  much  further  from  the  truth  than  Mr.  Scudder. 

1.  Qerephemera  simplex. — Scudder,  who  had  created  the  family  of 
the  Atocina  for  this  fossil  imprint,  has  placed  it  in  my  group  of 
the  Protophasmida.  Is  it  right  or  wrong?  It  seems'  impossible  to 
say,  for  it  appears  to  me  difficult  to  form  a  correct  opinion  from  so 
small  a  fragment.  This  wing  must  have  belonged  to  a  large  insect ; 
it  was  about  6  centimetres  long.  The  wing  was  rather  elongated, 
and  the  nervures  were  united  by  a  rather  loose  reticulation. 

1  Mr.  R.  P.  Whitfield  (under  date  July  3l8t,  1885)  announced  in  "  Science," 
Tol.  vi.  No.  130,  pp.  87-88,  the  discovery  of  a  Scorpion  in  the  Waterlime  group, 
Lower  Helderberg,  of  Oneida  County,  N.Y.,  nearly  on  the  same  geological  horizon 
and  closely  agreeing  with  the  Swedish  fossil.    A  figure  is  also  giTen  of  the  specimen. 

*  See  Geological  Magazine,  1868,  Vol.  V.  pp.  172,  216. 
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2.  Platephemera  antiqua, — It  is  with  reason  that  Soadder  placed 
this  wing  in  the  family  of  the  Ephemeridse;  Hagen  is  mistaken  in 
wishing  to  refer  it  to  the  Odonata.  This  wing  reminds  one  muoh 
of  that  of  Palingenia  virgo  ;  but  the  fossil  is  seven  times  larger  than 
the  latter. 

3.  Lithentomum  Hartii. — The  remains  of  a  wing  thus  named  by 
Scudder  are  considered  by  that  author  as  belonging  to  a  neuropterous 
insect  of  the  group  of  the  Sialina.  He  creates  for  it  the  family  of 
the  Gronioosialina.  So  much  trouble  appears  to  me  useless,  the 
specimen  not  being,  in  my  opinion,  sufficiently  well  preserved,  to 
permit  the  appraising  of  the  characters  of  this  fossil. 

4.  Homoihetua  fosailia, — The  wing  that  Scudder  describes  under 
this  name  presents  characters  common  to  the  Neuroptera  and  the 
Orthoptera.     He  creates  the  family  of  the  Homothetidad  for  it. 

I  have  been  able  to  compare  the  figure  given  by  Scudder  with 
some  insects  from  Commentry,  and  am  convinced  that  this  type  is 
near  to  the  Ephemeridse  (genera  Ephemera  and  Potamanthus). 

5.  DyscriiuB  veixwiuB, — In  spite  of  the  small ness  of  the  fragmen 
represented,  it  ought,  in  my  opinion,  to  be  classed  in  the  same  family 
(EphemeridsB  or  Hjomothetidaa). 

6.  Xenoneura  antiquorum. — The  imprint  which  the  author  describes 
is  curious,  because  it  presents  at  the  base  of  the  wing  some  striad, 
which  have  induced  a  belief  in  an  apparatus  of  stridulation. 

Scudder,  having  regard  to  the  absence  of  reticulation  between  the 
widely  separated  nervures,  thinks  that  this  insect  forms  a  special  and 
extinct  family  in  the  order  of  the  Neuroptera.  I  am  much  of  his 
opinion  with  respect  to  all  these  Devonian  insect  remains;  but  I 
believe  that  in  the  present  state  of  our  knowledge  it  is  impossible 
to  be  quite  certain;  we  must  wait  further  discoveries.  Nevertheless, 
if  Mr.  Scudder's  opinions  are  to  be  accepted,  one  must  believe 
that  the  Neuroptera,  the  Neurorthoptera,  and  Orthoptera  pseudo- 
Neuroptera  were  already  in  existence  during  the  Devonian  epoch. 

Cabbomifsbous  System. — It  is  in  this  system  that  we  begin  to 
find  a  pretty  large  variety  of  insects,  and,  thanks  to  the  grand  dis- 
coveries made  at  Commentry,  we  are  able  to  establish  a  little  order 
in  this  very  interesting  subject  of  the  Palsdozoic  Hexapoda. 

The  number  of  works  published  on  these  insects  is  already  con- 
siderable, and  we  owe  much  to  MM.  Germar,  Ooldenberg,  Geinitz, 
Sterzel,  Van  Beneden,  Dana,  Lacoe,  Woodward,  Andree,  Qoss,  and, 
above  all,  to  Scudder,  for  having  studied  with  patience  and  persever- 
ance the  materials  that  they  have  had  in  their  hands. 

But  as  the  number  of  the  fossil  remains  that  they  have  made 
known  was  relatively  small,  it  has  been  very  difficult  for  them  to 
give  a  comprehensive  view  of  the  entomological  fauna  of  these  ancient 
times. 

This  task  has  been  for  me  an  easier  one,  seeing  that  I  have  had  at 
my  dbposal  a  series  of  well-preserved  and  numerous  specimens. 

I  am  therefore  about  to  sketch  out  a  Pbodbomus  of  the  Hexapoda 
OF  THE  Coal  epoch. 

1.  Obthopteba. — ClauB  places  the  Thysanura  among  the  Ortho- 
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ptera ;  they  are  geoerally  considered  as  being  a  primordial  type  of 
insects.  No  author  has  described  them  as  ocoarring  in  the  system 
with  which  we  are  now  engaged.  Nevertheless  3iey  existed  as 
early  as  the  Carboniferons  period,  for  45  specimens  have  been  found 
at  Commentry. 

It  is  difficult  to  see  the  number  of  the  joints  of  the  legs,  of  the 
palpi  and  of  the  antennas ;  but  tfaeee  organs  can  be  discerned  upon 
several  specimens. 

The  body  is  cylindrical,  becoming  thinner  at  the  posterior  part, 
and  tenninated  by  a  multi-articulate  filament  as  long  as  the  foody. 

The  antenufB  and  the  legs  are  thick  and  short,  <^e  head  is  ratber 
large.  The  prothorax  is  veiy  narrow,  the  mesothorax  and  the 
metathorax  are  co-equal  and  much  longer  than  the  prothorax. 

The  segments  of  Uie  abdomen  are  ten  in  number  and  equal  in  size, 
the  last  only  being  a  little  longer  than  the  rest. 

It  appears  to  me  that  upon  one  of  the  specimens  some  abdominal 
plates  are  seen,  as  has  been  observed  on  MaMUs, 

The  whole  of  the  body  (antennae,  legs,  thorax,  abdomen)  is 
covered  with  very  numerous  and  very  short  hairs.  The  body  with 
the  abdominal  filament  varies  in  length  between  16  and  22  millimetres. 

This  insect  resembles  L^sma  and  Machilie.  It  diffm  from  them 
in  several  characters,  but  the  principal  difference  consists  in  the 
presence  of  a  single  abdominal  filament  in  the  fossil  species.  I  shall 
designate  this  ancestor  of  the  living  Thysanura  by  the  name  of 
Dasyleptus  Lucati,  dedicating  it  to  M.  H.  Lucas,  of  the  Paris  Museum. 

Among  the  Orthoptera  a  great  number  of  Blattae  or  of  Palsao- 
blattariae  (Scudder)  have  been  described,  and  Mr.  Scudder  has  classed 
them  in  several  groups.  As  he  has  made  a  special  study  of  them,  it 
is  not  necessary  to  speak  of  them  here. 

Goldenberg  has  named  a  wing  Fulgorina  Klieveri,  which  must  have 
belonged  to  a  large  Blatta;  we  shall  designate  it  by  the  name  of 
MegahlatUna  Klieveri. 

Another  family  of  Orthoptera  was  pretty  well  represented,  which 

I  propose  to  call  Pala&acridiodea.  The  first  group  contains  many 
genera ;  the  (Edischia  (mihi),  of  which  the  third  pair  of  legs  re- 
semble those  of  living  locusts.  The  Stkenaropoda  (mihi),  near  allies  of 
(Edischia,  but  whose  legs  are  thicker  and  shorter,  and  less  fitted  for 
leaping. 

The  genus  Protogryllacris  (mihi),  represented  by  an  insect  called 
Corydalis,  then  Oryllaeris,  and  afterwards  Lithosialis,  ought  to  be 
changed  in  order  to  show  that  this  insect  did  not  resemble  Sialis. 

A  fourth  genus,  Paolia  (Scudder),  including  many  species,  should 
be  included  in  this  first  group. 

The  second  group  contains  three  genera,  namely : — 

Sihenarocera  (mihi),  insects  with  strong  and  long  antennse,  short 
body,  and  thick,  long  legs,  and  long  and  naiTOw  wings,  recalling 
somewhat  those  of  the  Pachytylus.     These  insects  measure  fiilly 

II  centimetres  irom  the  anterior  part  of  the  head  to  the  extremity 
of  the  wings,  when  the  latter  are  folded  upon  the  back. 

Caloneura  (mihi)  is  nearly  related  to  the  foregoing;  but  the  legs 
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and  the  antennsB  are  more  slender,  the  wings  are  shorter  and  not  so 
narrow ;  the  nervnres  are  admirably  surrounded  by  coloured  bands. 
See  Calonenra  Dawsonii  (Plate  XII.  Fig.  2). 

MacrophUhium  Hollebeni  of  Qoldenberg  goes  into  this  family  for 
the  present  All  these  insects  may  be  regarded  as  the  ancestral 
type  of  the  Orthoptera-Saltatona  of  the  present  day. 

I  propose  to  form  the  order  Nbueoethoptbra,  to  include  two  sub- 
orders— that  of  Neurorthoptera  properly  so  called,  and  that  of 
PalflBodictyoptera  (Goldenberg). 

The  first  sub-order  will  comprise — 

1.  The  family  of  the  Protophasmida  (mihi),  represented  by  the 
genera  Protopkasma  (mihi),  Lithophasma,  which  I  create  for  a  wing^ 
figured  by  Goldenberg  under  the  name  of  QryUacris  liihantraca, 
and  which  afterwards  Scudder  had  placed  in  the  genus  LUhosialis  ; 
lastly,  the  genus  Titanophasma  (mihi),  of  which  the  body  only  is  /  ^ 
known  to  us,  a  gigantic  body  measuring  28  centimetres  in  length  ^w  /  ^t— 
also  the  genus  ArchegogryUus  (A.  priscus,  Scudder). 

2.  The  family  of  the  Sthenaropterida,  which  includes  Meganeura 

Monyif  a  wi^g  measuring  d3^ntim^tres  in  length — I  had  named  it  ^   /  3  ^,^,^^  i 

DictyoneuroMonyiTlLrchmoptilus  ingens  (Scudder),  and  A.  Lucasi 

(mihi),  wings  whidi  must  have  attained  25  to  30  centimetres  in  ^^  io  ^  l-^^ 

length. 

Then  Megathentomum  pusttdatum  of  Goldenberg  will  take  its  place 
in  this  family;  two  insects  that  Goldenberg  had  named  Acridites 
formosus  and  A.  carbonatus  will  also  come  into  the  genus  Mega- 
thentomum. 

In  the  first  sub-order  of  the  Neurorthoptera  I  have  placed  some 
insects  of  large  size,  whose  wings  have  strong  nervures  united  by  a 
rather  loose  reticulation,  insects  which  have  some  likeness  to  our 
living  Phasmians  by  the  form  of  the  body,  but  which  are  much 
removed  from  them  by  the  neuration  of  dieir  wings.  We  must 
consider  the  Phasmians  as  much  modified  descendants  of  these 
ancient  types. 

The  second  sub-order  has  been  created  by  Gt)ldenberg,  and  has 
been  adopted  by  other  authors.  This  savant,  nevertheless,  had 
elevated  it  to  the  rank  of  an  order.  It  contains  a  series  of  insects 
of  rather  large  size,  which  seem  to  have  completely  disappeared  from 
our  present  Hiuna. 

The  first  family,  that  of  the  Stenodictyopterida,  is  composed  of 
insects  which  have  a  thick  and  short,  but  broad  body,  short  legs  of 
moderate  length.  But  that  which  rightly  characterizes  them,  and 
makes  of  them  a  sufficiently  homogeneous  group,  is  the  reticulation 
of  the  wings.  The  latter  are  elongate,  rather  narrow,  traversed  by 
rather  straight  nervures  united  by  a  very  regular  network  of  great 
fineness,  reminding  one  a  little  of  the  network  of  the  wings  of 
our  living  Odonata, 

This  family  contains  six  genera,  namely : — 

1.  The  genus  Eugereon  of  Goldenberg  {Eugereon  Boeekingii, 
Gold.,  E.  Heeri,  mihi)  is  characterized  by  a  short  and  thick  but  broad 
body ;  the  head  is  small,  the  prothorax  is  scarcely  broads  than  the 
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head,  whilst  the  mesothorax  and  the  metathorax  are  much  broader 
and  longer.  The  legs  are  short  and  thiok,  and  seem  to  be  furnished 
with  spines.  As  to  those  special  organs  which  Goldenbei^  has  de- 
scribed near  to  the  mouth  of  the  insect,  I  have  not  been  able  to  find 
them  on  my  specimens,  which  are  notwithstanding  very  well 
preserved.  On  the  other  hand,  the  abdomen  bears  at  its  extremity 
two  recurved  appendices. 

2.  The  genus  Scudderia  (mihi)  is  proposed  for  an  insect  whose 
neuration  is  different  from  that  of  Eugereon,  and  which  is  of  larger 
size,  the  wing  measuring  nine  centimetres  in  length. 

3.  I  have  given  the  name  of  Megaptilus  Blanehardi  to  the  large 
wing  that  I  previously  supposed  must  have  belonged  to  Titanophatma 
Fayoli.    Its  neuration  recalls  that  of  Eugereon  and  of  Scuddericu    It 

7  -  V  vv^  must  have  measured  18  to  20  centimetres  in  length  and  five  centi- 
metres in  breadth.  Therefore  it  must  have  been  borne  by  an  insect 
of  considerable  size. 

4.  Haplophkhium  Bamesii  and  H.  longipenms  of  Scudder  will  take 
their  place  here. 

5.  Then  will  come  Ooldenbergia  of  Scudder  and  Dictyoneura  of 
Gbldenberg. 

I  place  in  the  genus  Ooldenbergia  the  follovnng  species : — 


V  w. 


Termes  Heeri,  Goldenberg. 

„       ^m#,         „ 

„       laxut,  „ 

„      eontusa,  Scudder. 

,,       longitudinalis,  ,, 
Termitidium  amiisum,  Goldenberg. 
Dietponeura  Deehmi^  „ 


Bietymntra  Humboldtiana,  Goldenberg. 

anthracophila,  „ 

eUgam,  „ 

elongatay  „ 

Smiizii,  „ 

obtoUtgf  „ 
iinuota.  Scudder. 


The  genus  Dictyoneura,  Gk>ldenberg,  will  comprehend  the  2>.  Golden- 
hergi  (mihi),  D.  Iibelluloide$,  Gold.,  B.jucunda  (Scudder). 

The  body  is  short  and  liiiok,  the  head  large,  the  thorax  has  the 
three  segments  nearly  equal  and  much  raised,  nevertheless  the  pro- 
thorax  is  narrower.  The  abdomen  measures  45  millimetres  in  length, 
and  is  terminated  by  two  long  multi-articulate  filaments,  and  by  two 
recurved  hooks ;  moreover,  some  foliaceous  appendages  are  observed, 
borne  by  the  antepenultimate  ring.  The  legs  are  short,  strong, 
angular,  and  spined.  The  wings  are  not  very  wide  (25  mm.),  and 
have  a  very  distinctive  neuration.  The  reticulation  recalls  that  of 
the  preceding  genera ;  the  wings  were  traversed  by  coloured  bands. 

l^e  second  family,  that  of  the  Hadrobrachypoda  (mihi),  comprises 
two  genera,  the  Miamia  (Scudder)  (If.  Bronsoni)  and  the  Zepioneura 
(mihi),  X.  Oustaleti,  Z.  delicatula,  L,  robusta,  L  dongata  (mihi). 

All  these  insects  have  a  very  distinctive  fades.  They  somewhat 
resemble  the  living  Termes,  but,  nevertheless,  they  cannot  be  ranged 
in  the  same  group.  It  would  not  appear  to  me  an  exaggeration  to 
say  that  they  are  ancestral  types  of  Termes. 

The  head  is  pretty  broad,  armed  with  strong  mandibles,  the 
antennaB  are  short,  the  legs  are  short  and  squat,  the  wings  are 
elongated,  a  little  sickle-shaped,  and  traversed  by  fine  nervnres. 
Some  wings  are  still  tinted  by  a  rather  clear  brown  pigment 

The  third  family  of  these  Palseodictyoptera  includes  some  insects 
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absolutely  new;  I  shall  designate  the  family  by  the  name  of 
Platypterida. 

The  wings  are  broad,  generally  rounded  at  their  extremity,  re- 
sembling, morphologically  speaking,  the  wings  of  the  Protophasmida, 
but  differing  from  them  completely  by  the  neuration ;  the  nervures, 
in  fact,  are  rather  sepai*ated  one  from  the  other,  and  the  wings  are 
coloured  by  pigments  often  forming  very  elegant  outlines.  The 
body  is  less  blunt  than  that  of  the  preceding  insects,  and  the 
abdomen  is  terminated,  in  one  of  the  types,  by  two  filaments. 

This  family  will  comprise  four  genera,  namely : — 1.  Lamproptilia 
(L.  Chrand'Euryi,  L.  priseotincla,  L,  eleganSt  mihi).  2.  Zeilleria;  2i 
fusca,  Z,formo»a,  Z,  carbonaria  (mihi).  3.  Spilaptera;  S.  Packardi, 
S.  venrnta,  S.  Hbelluloides  (mihi).     4.  Acriditea  priseus  (Andree). 

Afterwards  comes  a  series  of  insects  which  may  be  included  in  the 
order  of  the  Pseudo-Neuroptera ;  six  families  may,  in  the  present 
state  of  our  knowledge,  take  their  place  in  this  order. 

1.  The  family  of  the  Megaseoopterida,  mihi  (in  which  I  have 
placed  eight  genera),  is  characterized  by  insects  with  a  body  more  or 
less  robust,  with  a  head  generally  small,  with  legs  of  middle  size, 
with  an  abdomen  terminated  by  two  long  appendices,  which  appear 
to  be  multi-articulate  and  haiiy,  with  wings  nearly  similar  to  one 
another,  rather  elongated  and  narrowed  at  their  base,  showing 
nervures  much  separated  from  one  another,  and  united  by  large 
nervures,  which  gives  them  a  very  special  fades.  The  abdomea 
sometimes  presents  lateral  plates  which  must  have  served  for 
respiration. 

The  genera  Pro/oeapnia,  C.  Brong^,  Brodia  (Br.  priscotincia),  Scud- 
der,  Trichaptum,  C.  Brong.  Campylopiera,  C.  Brong.,  will  be  classed 
in  this  group.  The  wings  of  these  insects  are  generally  coloured 
by  rather  irregularly  disposed  spots. 

The  genus  Sphecoptora  (mihi)  comprises  insects  with  very  slender 
wings,  extremely  pedunculated,  very  narrow,  and  of  a  deep  tint, 
ornamented  with  little  circles  deprived  of  colour,  and  rather  irre- 
gularly arranged. 

Here  I  think  should  be  placed  the  Breyeria  Borinensis,  described 
by  M.  Preudhomme  de  Borre. 

The  genus  Woodwardia  (mihi)  is  a  very  interesting  one ;  it  in- 
cludes three  specific  types — W,  modesta,  W.  nigra  (Plate  XII.  Fig.  1), 
and  W.  longicauda.  These  two  last  are  remarkably  well  preserved ; 
the  head  is  rather  small,  and  very  distinct  from  the  thoracic  rings. 
The  prothorax  is  shorter  than  the  two  other  rings.  The  abdomen, 
composed  of  ten  rings,  is  slightly  cylindrical,  narrower  at  its  ex- 
tremity, and  terminated  by  two  long  filaments.  The  vrings  are 
triangular,  and,  as  they  are  very  elongated,  they  present  an  obtuse 
angle  nearly  in  the  middle  of  the  wing.  The  wings  are  of  a  deep 
colour,  and  present  here  and  there  little  rounded  spots  of  a  brighter 
shade. 

The  body  of  17.  nigra  is  8  centimetres  in  length,  without  counting 
the  filaments,  which  are  from  10  to  12  centimetres  long.  The 
breadth  of  the  fully-extended  wings  is  at  least  16  centimetres. 

It  is  here  that  I  propose  to  place  the  genus  Corydaloides  (mihi), 
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C.  Seudderi  (Plate  XII.  Fig.  8),  C.  graeilia,  created  for  some  insects 
of  the  smallest  size,  but  whose  body  measures  4  to  5  centimetres  in 
length ;  the  spread  of  the  fully-extended  wings  is  about  one  deci- 
metre ;  the  body  is  more  blunt  than  that  of  the  Woodwardiay  it  is 
also  less  cylindrical.  The  neuration  is  analogous  to  that  of  the 
preceding  genus;  the  nervures  and  nervules  are  nevertheless  more 
abundant,  and  the  wings  are  not  coloured. 

But  this  genus  presents  a  very  curious  peculiarity  upon  which  it 
is  well  to  insist.  Firstly,  I  would  remind  you  that  insects  breathe 
by  the  aid  of  trachete,  whose  distribution  in  the  body  is  variable. 
Among  perfect  insects  these  tracheed  open  externally  by  orifices 
which  are  called  stigmata;  these  generally  breathe  the  ordinary 
atmospheric  air. ' 

A  great  number  of  larvad,  especially  those  of  the  Neuroptera  and 
of  the  Orthoptera,  are  aquatic,  and  the  organs  of  respiration  are 
modified.  The  tracheae,  in  place  of  ending  suddenly  and  presenting 
openings  or  stigmata,  ramify  endlessly.  Sometimes  the  extremities 
of  the  trachesd  are  free,  at  other  times  they  are  united  in  some  kind 
of  foliaceous  organs.  The  insect  then  breathes  the  air  contained  in 
a  state  of  mechanical  solution  in  the  water,  either  by  the  aid  of 
branchial  tufts,  or  by  the  means  of  branchial  plates. 

Among  the  larv»  of  the  Ephemera  the  first  seven  rings  of  the 
abdomen  show  on  each  side  a  foliaceous  organ,  in  which  the  traohesB 
are  seen  to  ramify.  The  oscillations  of  these  appendages  maintain  a 
continuous  current  around  the  larvte ;  these  organs  are  only  lost  at 
the  time  of  passage  to  the  state  of  the  sub-imago. 

In  1848  Newport  made  known  a  pseudo-Neuropterous  insect  of 
the  family  Perlidse,  the  Fteronarcys  regalis,  which  presents  in  the 
adult  state,  on  the  under  part  of  the  abdominal  rings,  some  branchial 
tufts  protected  by  a  sort  of  pocket,  and  besides  which  it  is  provided 
with  stigmata.  This  insect  is  amphibious,  it  can  breathe  the  ordinary 
atmospheric  air  and  the  air  which  is  contained  in  mechanical  solution 
in  the  water. 

The  CorydaJoidea  (mihi)  offers  in  the  adult  state  an  analogous 
disposition  of  the  organs  of  respiration.  Each  one  of  the  abdominal 
rings  presents  a  plate  on  each  side,  where  one  can  distinctly  see, 
even  with  the  naked  eye,  the  branching  out  of  the  tracheae.  I  have, 
besides,  been  able  to  verify  the  presence  of  stigmata.  I  possess  ten 
impressions  of  this  genus. 

It  is  then  permissible  to  suppose  that  these  insects  were  amphibious 
like  the  Fteronarcys.  Like  the  latter,  it  presents  at  the  extremity  of 
the  abdomen  two  multi-articulate  filaments. 

I  shall  place  by  the  side  of  these  Megasecopterida  an  ancestral 
type  of  the  Libellulae ;  for  which  the  creation  of  the  family  Proto- 
donata  and  the  genus  Frotagrion  seems  to  me  necessary.  At  present 
only  a  single  wing  has  been  found  at  Gommentry.  It  measures  10 
centimetres  in  length  and  two  in  breadth.  Its  form,  its  neuration, 
and  its  reticulations  remind  one  much  of  the  living  Odonata.  There 
are,  nevertheless,  some  rather  notable  differences. 

The  third  family,  that  of  the  Homothetida  of  Scudder,  contains 
some  insects  of  more  modest  size,  slenderer  bodies,  more  sessile 
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wings,  and  with  finer  nenration.  The  nervnles  are  also  more 
numerous  than  in  the  Megaseoopterida.  In  this  family  will  be  classed 
the  Hemerisiia  occidentalis  (Scudder),  the  Paehytylopsia  Persenairei 
(P.  de  Borre),  the  Ghrestotes  ( C,  lapidea^  Soudder) ;  C.  Danae,  Scud. 
(=zMiamia  DanaCy  Scud.)  ;  C.  lugMtensia,  Sterzel;  Omaha  maeroptera 
(Coemans  and  Van  Beneden)  ;  lastly,  three  new  genera  from  Oom- 
mentry  (Ousialetia,  Brachyptilns  and  Diaphanoptera), 

The  last  three  families  of  this  group  include  some  ancestral  types 
of  the  EphemeridsB,  Perlid©,  and  of  the  Ascalaphae.  The  Prote- 
phemeriDa  (genus  Homaloneura  (mihi)  near  to  the  living  Poiamanthus). 
The  Protoperlida  (genera,  Protodiamphiptwa  (mihi) ;  Protokollaria 
(mihi)  ;  Pictetia  (mihi) ;  Protoperla  (mihi).)  The  Protomyrme- 
leonida  (genus  Protascalaphus  (mihi).) 

Tho  order  of  the  Hemiptera  is  represented  during  the  Palaeozoic 
epoch.  Up  to  the  present  time  there  have  only  been  met  with  those 
types  which  we  have  been  able  to  class  in  the  group  of  the 
Homoptera ;  these  are  the  ancestors  of  our  Fulgoridae  and  of  our  living 
CicadidsB.  Gbldenberg  has  named  Fulgorina  Ehersi  and  Fdgorina 
lebachensiSf  insects  very  near  to  our  Fulgora,  In  this  same  genus 
I  place  some  insects  from  Commentry,  F.  Ooldendergi  (mihi),  F. 
ovalis  (mihi),  and  F.  minor  (mihi). 

The  creation  of  several  generic  sections  is  necessary  in  order  to 
denote  some  remarkable  specimens  that  I  have  received  from  Com- 
mentry, namely : — 

Bhipidioptera  eUffoni  (jiah\\,  1    I^otoeieem parvidus Kad  P,fmeus  {mi}a), 

JHetyoeieada  antiqua  (nnhi),  \    Falaooixiua  FayoH,  8c  F.antiquus  {mihi). 

Mr.  Scudder  names  a  wing  Phthanocoris  oeciderUalis  that  he  con- 
siders as  belonging  to  a  Hemiptera-Heteroptera.  I  do  not  share  his 
opinion,  and  I  find  a  great  analogy  in  the  neuration  between  this 
wing  and  those  of  Pceocera  oUvacea  (Blanchard),  which  belong  to 
the  Homoptera. 

This  communication  may  be  considered  as  giving  a  general  view 
of  the  fauna  of  the  primary  Hexapoda.  New  discoveries  will  perhaps 
compel  naturalists  to  multiply  genera,  but  I  believe  that  the  general 
sections  here  indicated  will  be  able  to  be  retained ;  for  all  that  I  have 
stated  is  based  upon  the  numerous  discoveries  made  at  Commentry 
during  the  last  eight  years.  These  discoveries  have  enabled  me  to 
rectify  many  mistakes  occasioned  by  want  of  precise  data,  and  well- 
preserved  specimens.  It  is  far  from  being  perfect,  but  it  may  prove 
of  service,  if  it  only  affords  a  glance  at  the  riches  which  have  been 
supplied  to  me  by  the  mines  of  Commentry. 

At  the  moment  of  going  to  press  I  am  in  receipt  of  a  new  memoir 
from  Mr.  Scudder,  which  establishes  some  new  families  and  genera 
among  the  primary  Hexapods. 

Although  differing  in  some  cases,  we  are  agreed  upon  many  points. 
The  new  genera  which  he  creates  demand  a  close  examination,  which 
I  reserve  for  another  occasion ;  but  it  is  curious  to  note  how  few 
types  Mr.  Scudder  has  found  in  America  similar  to  those  which 
have  been  described  in  Europe. 
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11. — On  the  Genus  Qalbritss  =  Echikoconus, 
By  Prof.  P.  Martin  Duncan,  F.R.S.,  etc. 

IN  my  former  communication  to  the  Geological  Magazine  *  on 
Galerites  alhogdUrus,  I  gave  the  results  of  the  examination  of 
the  specimens  in  the  British  Museum  and  of  many  others,  and  stated 
that  the  species  was  edentulous,  and  that  a  true  fifth  basal  (posterior 
generative  plate)  was  never  present.  I  explained  that  the  so-called 
jaws  were  ten  buccal  plates,  that  the  so-ccdled  auricles  were  raised 
surfaces  in  casts,  and  therefore  depressions  in  the  real,  and  that 
Cotteau,  who  had  noticed  a  fifth  plate,  stated  it  was  except ionaL 
This  fifth  plate  is  absolutely  a  part  of  basal  plate  No.  4  (left  posterior 
generative),  and  is  not  a  true  basal  plate. 

Before  the  paper  was  sent  to  the  Geologioal  Magazine,  M. 
Cotteau  had  published  a  "  Description  des  fichinides  fossiles  de  Tile 
de  Cuba,"  in  the  Ann.  de  la  Soc.  Geol.  de  Beige,  t.  ix.  Memoires. 
Some  months  since  I  saw  this  interesting  and  beautifully  illustrated 
paper  for  the  first  time,  thanks  to  the  distinguished  author. 

I  regret  that  I  did  not  see  this  paper  before  I  wrote  the  com- 
munication on  Oaleriies,  not  that  it  interferes  with  the  statements 
made  therein,  but  because  it  appears  discourteous  not  to  have  noticed 
and  considered  the  interesting  paper  about  the  Cuban  fossils.  More- 
over, had  I  seen  the  paper,  there  were  facts  in  it  which  would  have 
required  very  careful  notice. 

I  regret  the  matter  all  the  more  because  Loven  has  considered 
Cotteau's  paper  very  carefully  in  his  wonderful  work  on  Pourtalena, 
This  work,  communicated  to  the  Swedish  Academy  in  1882,  was 
published  in  1883,  and  1  had  to  thank  the  author  for  a  copy  in  1884 
— and  subsequently  to  the  appearance  of  my  paper  in  the  Geological 
Magazine. 

Cotteau  describes  two  species  of  Echtnoc<mu8=z  Oalerites  from  the 
Cretaceous  of  Cuba.* 

In  the  diagnosis  of  this  form  the  apical  system  is  pentagonal  and 
projects ;  there  are  five  genital  plates  (basals)  broadly  perforated, 
the  madreporite  is  prolonged  into  the  centre  of  the  system,  and  the 
ocular  plates  are  small  and  intercalated  at  the  angles  of  the  genital 
plates,  and  are  minutely  perforated.  The  generative  plates  (fiasals) 
are  separated  by  the  or.tdara  (radiah)  and  the  postero-lateral  genera- 
tive  plates  are  separated  by  the  large  madreporite. 

The  ambulacral  plates  have  the  pores  directly  superposed  abactin- 
ally,  and  they  are  close  and  show,  near  the  ambitus  to  the  peristome, 
a  more  or  less  pronounced  tendency  to  group  themselves  in  triple 
pairs.     Peristome  small,  circular,  and  barely  incised. 

Periproct  elliptical,  rather  large,  placed  in  the  inferior  face  and 
very  close  to  the  peristome.  The  shape  of  the  test  is  tall,  circular  and 
globular,  the  upper  face  rounded,  the  lower  tumid,  and  flat  near  the 
peristome. 

M.  Cotteau  says  that  he  placed  the  little  species  in  the  genus 

1  New  Series,  Decade  III.  Vol.  I.  No.  1,  p.  10,  January,  1884. 
•  QaUrite*  Lani&ri  (D*Orbigny),  Cotteau,  op.  eit,  p.  xi  ng.  7—13. 
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Eehinoeonus  because  of  its  globular  form.  He  states  that  it ''  se 
distingue  nettement  de  toutes  ses  congeu^res,"  and  be  admits  that 
the  having  five  generative  plates  perforated  is  a  ''  oharact^re  qui 
n'avait  pas  encore  6t6  signale  chez  les  Eehinoeonus,*^ 

I  have  placed  those  details  which  do  not  agree  with  the  genus 
Oaleriteazzi Eehinoeonus  in  italics,  and  it  will  be  noticed  that  in  nearly 
all,  the  structural  characters  are  not  those  of  the  typical  forms. 

The  well-developed  and  perforated  fifth  basal  plate,  the  separation 
of  the  basals  by  the  radials,  and  the  separation  of  the  posterior  plates 
by  the  madreporite,  are  unknown  in  any  other  species  of  the  genus. 
The  position  of  the  periproct,  situated  as  it  is  in  the  inferior  surface 
of  the  test  and  close  to  the  peristome,  would  not  convey  the  idea  of 
Galerites  to  any  one  who  has  studied  the  well-known  forms  of  the 
European  Cretaceous  rocks. 

The  figure  given  by  Cotteau  of  the  structure  of  the  ambulacra 
does  not  correspond  with  that  of  Oalerites ;  for,  notwithstanding  the 
obliquity  of  the  imperfect  triplets,  the  plates  are  all  low  and  small 
primaries,  and  do  not  therefore  correspond  with  the  interesting 
character  of  the  ambulacral  plates  given  so  truthfully  by  Loven  in  the 
instance  of  Galerites^=Eehinoconus  albogalerus. 

II.  The  second  species,  called  Eehinoeonus  AntiUensis,  Cotteau,  and 
described  op,  eit  p.  13,  figs.  1  and  2,  pi.  2,  has  not  the  apical  system 
preserved,  and  moreover  has  an  eccentric  apex  and  an  oblique 
peristome  1 1 

Now  the  question  arises,  can  the  first  species  come  within  the 
genus  Oalerites  =  Eehinoeonus  ?  The  reply  might  take  the  form 
of  a  question,  why  should  the  species  not  be  placed  in  Holeeiypus  ? 

The  details  of  the  apical  system  would  interfere,  but  the  form  is 
nearer  Holeetypus  than  Oalerites.  With  all  respect  to  the  opinion 
of  M.  Cotteau,  I  must  decline  to  admit  such  elasticity  in  a  well- 
diagnosed  genus,  and  considering  that  he  finds  a  variety  of  the  first 
species  without  any  triple  pairing,  I  am  bound  to  believe  that  the 
forms  are  not  Eehinoeonus, 

Loven  accepted  without  reserve  the.  dictum  that  the  forms  de- 
scribed by  Cotteau  were  indubitable  Galerites  =  Eehinoeonus,  He 
uses  this  belief  in  one  of  his  interesting  arguments  concerning  the 
changes  which  occur  in  the  apical  system  and  position  of  the 
periproct  in  time.  In  the  work  on  Pourtalesia,  p.  68,  Loven  writes, 
**  In  Eehinoeonus  and  Anorihopygus  the  vent  is  posterior,  subventral, 
and  the  costal  (genital-basal)  No.  5  is  present  and  without  a  pore." 

On  page  71  Loven  writes  after  considering  the  Spatangoids :  '*  It 
has  been  seen  that  when  in  the  Echinoconidte  the  periproct  has 
retreated  far  back  from  the  calyx  (apical  system),  the  costal  5  (that 
is,  the  fifth  generative  plate  or  basal),  which  had  been  suppressed, 
was  reinstated  again,  and  that  the  normal  condition  returned  even  so 
far  as  to  allow  the  efferent  duct  of  the  corresponding  sexual  gland 
to  perforate  it" 

That  species  vary  during  time,  and  that  the  changes  may  become 
so  important  as  to  necessitate  the  introduction  of  the  forms  into 
new  genera,  can  hardly  be  doubted ;  but  if  the  proof  is  to  be 
scientific,  it  must  be  capable  of  verification  from  positive  facts. 
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Henoe  in  order  to  agree  with  Lov6n  in  the  instance  of  Galerites, 
we  must  have  proof  that  the  earliest  known  species  of  it  had  the 
struotares  which  "  were  suppressed,"  Now  in  "Les  Etudes"  there  are 
descnptions  and  delineations  of  the  apical  system  of  the  common 
QaUrites  which,  like  all  Lov^n's  positive  work,  are  marvels  of  exac- 
titude. But  there  is  no  trace  of  the  fifth  plate,  nor  was  the  oorre* 
sponding  gland  evidenced.  In  fact,  there  is  no  evidence  whatever 
that  any  suppression  took  place,  and  it  is  quite  possible  that  Galerites 
was  the  descendant  of  forms  without  the  fifth  plate. 

Loven  would  have  it  believed  that  in  long  periods  of  time  the 
fifth  basal  and  gland  appeared,  the  madreporite  extended  backwards, 
the  ocular  plates  (radials)  grew  inwards,  and  separated  the  basala. 
and  the  position  of  the  anus  altered  as  well  as  the  character  of  the 
ambulacra.  A  new  form  came  from  an  old  one  by  modification 
during  time.  Unfortunately  the  age  of  the  Cuban  forms  is  not  so 
very  long  after  that  of  the  deposits  containing  Galerites,  Perhaps 
there  was  no  difference  in  the  times  of  deposit  For  the  Cuban 
deposits  ai-e  Cretaceous,  and  not  Miocene  or  later. 

There  was  no  time  for  the  changes.  Again,  it  must  be  felt,  not- 
withstanding the  assertions  of  the  very  distinguished  naturalists, 
that  there  is  little  or  nothing  to  link  the  Cuban  forms  with  the  group 
they  are  presumed  to  descend  from.  It  must  end  in  confusion  worse 
confounded  than  the  present  state  of  the  genera  of  the  Echinoidea, 
if  species  are  to  be  associated  which  have  different  structures  of  grave 
physiological  importance.  Under  the  conditions  of  our  present 
knowledge,  it  really  appears,  that  although  the  Cuban  forms  may 
have  descended  from  a  Galerites,  they  do  not  come  within  the 
generic  diagnosis  of  the  previously  known  species,  and  that  they 
are  so  exceptional  as  to  require  entry  into  another  genus. 

III. — Preliminaby  Note  on  some  Tbaveesbs  of  the  Cbystauline 

DiSTBIOT   OF   THE   CbNTBAL  AlPS.' 

By  Professor  T.  G.  Bonnet,  D.Sc,  LL.D.,  F.R.S.,  Pres.  G.S. 

DURING  the  past  four  years  I  have  made  several  traverses  of  the 
Central  Alps  from  north  to  south,  and  venture  to  lay  before 
you  the  general  results  as  bearing  in  some  respect  on  the  geology 
of  the  Highlands. 

1.  The  ordinary  rules  of  stratigraphy  as  learnt  from  most  lowland 
distncts  are  commonly  quite  inapplicable  to  the  Alps.  The  most 
highly  crystalline  and  the  older  beds  often  form  the  higher  parts  of 
a  mountain  region,  the  newer  the  lower.  Hie  newer  beds  frequently 
appear  to  underlie  and  dip  regularly  beneath  the  older.  Gigantic 
folds,  overturns,  and  overthrust  faults  abound.  The  true  stratigraphy 
of  a  district  can  only  be  worked  by  the  exercise  of  patient  and 
cautious  inductions  from  observations  extended  over  a  wide  area. 

2.  The  non-crystalline  rocks  of  the  Alps  are  of  various  ages. 
There  are  some  of  Carboniferous  age,  but  the  great  period  of  con- 

^  Bead  before  the  Geological  Section  (Section  C)  of  ihe  British  Association  tl 
Aberdeen,  September,  1885. 
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tinaons  deposition  generally  begins  with  some  part  of  the  Trias. 
The  conglomerates,  which  often  occur  at  the  base  of  the  non-crystal- 
line deposits,  indicate  that  the  principal  metamorphism  of  the 
crystalline  series  was  anterior  to  both  these  epochs.  There  is  at 
present  no  reason  to  suppose  that  either  in  the  Central  Alps  or  for 
some  distance  on  each  side  there  are  any  representatives  of  the 
earlier  Palaeozoics.  I  believe  that  the  conglomerates  at  the  base  of 
the  Carboniferous  contain  fragments  of  the  later  crystalline  rocks 
of  the  Alps  as  well  as  of  some  of  the  earlier — though  I  do  not  assert 
that  these  crystalline  rocks  have  undergone  no  modifications  since 
Carboniferous  times. 

3.  In  the  heart  of  the  principal  Alpine  chains,  and  apparently 
at  the  base  of  everything,  are  coarsely  crystalline  gneisses.  These 
differ  little  from  granites,  exoept  that  they  generally  -^most  always 
— exhibit  a  certain  foliation,  and  occasionally  seem  to  be  interbedded 
with  thin  seams  of  micaceous  schists  or  flaggy  flne-grained  beds. 

4.  On  examining  these  latter,  we  find  reason  to  believe  that  they 
are  generally  due  to  crushing.  Their  strike  agrees  with  that  of  the 
apparent  foliation  in  these  older  rocks,  and  with  that  of  a  foliation 
which  is  also  present  in  the  newer  crystalline  rocks.  This  corre- 
sponds with  the  strike  of  the  main  physical  features  of  the  district, 
and  with  the  cleavage  in  the  included  troughs  of  sedimentary  rock. 
It  runs  for  great  distances  with  remarkable  uniformity,  e,g.  from  the 
Maderanerthal  to  the  upper  part  of  the  Lukmanier  Pass  the  strike 
of  this  foliation  does  not  materially  vary  from  W.S.W. — E.N.E. 

5.  This  apparent  foliation  is  due  to  the  development  of  extremely 
thin  films  of  a  micaceous  mineral.  In  many  cases  it  causes  the  rock 
to  bear  the  aspect  of  a  highly  micaceous  schist ;  yet  on  examining 
a  transverse  section,  it  is  seen  distinctly  to  be  a  crushed  gneiss ;  %,e, 
though  so  conspicuous,  it  is  a  mere  varnish.  As  it  thus  differs 
materially  from  a  true  foliation,  it  would  be  convenient  to  give  it  a 
name,  and  I  should  propose  to  call  it  the  '*  sheen  surface."  It  is, 
in  fact,  a  kind  of  '*  cleavage  foliation,"  that  is,  a  foliation  due  to 
cleavage,  and  subsequent  to  it.  But  though  from  certain  points  of 
view  so  conspicuous,  its  minerals  often  constitute  a  very  small  part 
of  the  mass  of  the  rock. 

6.  The  pressure  which  has  produced  this  "  sheen  surface  "  has  in 
many  oases  affected  the  orientation  of  the  minerals,  which  are  present 
in  the  true  ''  foliation "  layers  of  the  more  distinctly  foliated,  t.e. 
mineral- banded,  rocks.  It  has  affected  these  minerals  as  pressure 
affects  the  constituents  of  a  sedimentary  rock. 

7.  In  the  crystalline  schists  very  commonly  the  "  sheen  surface  " 
corresponds  with  the  original  foliation  surface,  as  in  the  slates  the 
cleavage  sometimes  does  with  the  bedding.  This  is  due  to  the  fact 
that  the  axes  of  the  great  folds  often  make  a  very  high  angle  with 
the  horizon.  It  may,  however  (like  a  cleavage  surface),  be  seen 
crossing  the  foliation  at  all  angles. 

8.  Thus  a  non-foliated  crystalline  rock  may  be  rendered  to  some 
extent  foliated  by  pressure  (followed  by  a  certain  amount  of  mineral- 
ization) ;  t.6.  some  gneisses  may  be  formed  by  crushing  from  granites, 
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some  schists  out  of  other  igneous  rocks.  It  may  obliterate  an  earlier 
foliation,  or  it  may  intensify  it,  or  it  may  produce  an  independent 
and  more  fissile  foliation. 

In  this  sense  gneiss  may  be  said  to  pass  into  granite,  because 
a  rock  which  is  now,  both  macroscopioally  and  microscopically,  a 
gneiss,  may  prove  to  be  a  granite  which  has  in  some  parts  yielded  to 
pressure  more  than  in  others. 

9.  As  we  pass  outwards  from  the  great  oentral  granitoid  masses, 
we  come  to  gneisses  and  schists,  where  the  evidence  of  some  kind  of 
stratification  becomes  more  marked ;  bands  of  crystalline  limestone, 
quartzite,  and  granulite  being  associated  with  mica  schist  of  many 
kinds — simple,  gametiferous,  staurolitic,  actinolitic,  and  the  like — 
the  bands  of  different  mineral  character  and  composition  varying 
from  mere  streaks  to  layers  up  to  many  yards  in  thickness.  In  fact, 
the  above-named  rocks  are  associated  exactly  as  limestones,  sand- 
stones, and  clays  are  associated  in  the  ordinary  sedimentaries. 

10.  Although  the  crushing  of  a  crystalline  rock  in  siiHy  or  the 
squeezing  and  shearing  of  a  breccia  or  conglomerate  of  crystalline 
fragments,  occasionally  gives  rise  to  local  difficulties,  these  are  on 
a  small  scale,  and  sedimentary  beds  belonging  to  the  Palseozoic  or 
later  periods  of  deposition  are  generally  readily  distinguishable  from 
the  whole  of  the  crystalline  series.  Though  folded  and  faulted  in 
the  most  extraordinary  manner,  the  members  of  the  two  series  can 
generally  be  separated,  and  in  the  Alps  there  is  no  evidence  of  a 
mingling  of  the  one  with  the  other  in  the  process  of  rolling  out  or 
squeezing  together;  so  that  after  patient  study  and  microscopic 
examination  we  can  generally  decide  without  hesitation  whether 
a  particular  set  of  rocks  has  originated  from  the  crystalline  or  the 
sedimentary  series.  I  do  not  say  that  we  can  always  decide  whetlier 
a  schist  or  a  gneiss  has  originated  from  an  igneous  rock  or  from  au 
older  schist  or  gneiss,  but  I  think  that  in  the  Alps  we  can  say  that 
it  has  originated  from  one  of  these.  Fortunately,  intrusive  rocks  are 
rare  in  the  Palssozoic  and  later  deposits  in  this  part  of  the  Alps. 

11.  Thus,  although  the  Tertiary  metamorphism  of  the  Alpine 
rocks  is  very  important,  it  is  more  pretentious  than  real,  and  its 
effects  seem  to  have  been  the  greatest  where  it  has  found  a  rock 
already  crystalline  to  act  upon.  Hence  I  believe  that  every  true 
gneiss  and  schist  in  the  Alps  is  much  older  than  the  Carboniferous, 
and  is  probably  older  than  any  member  of  the  Palaeozoic  period. 

IV. — On  the  Literatube  and  Nomenclatueb  of  Bbitish  Fossii. 

Crocodilia. 

By  Arthur  Smith  Woodward, 

of  the  British  Museum  (Natural  History). 

(With  a  Folding  Table  of  Genera  and  Species). 

OF  all  groups  of  fossil  reptiles,  there  is  perhaps  none  in  greater 
need  of  critical  revision  than  that  comprising  the  Crocodilia. 
The  remains  of  this  order  already  discovered  are  so  numerous,  and 
the  various  descriptive  accouuts  of  them  so  scattered  and  disconnected, 
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— so  commonly  has  it  been  the  cuBtom  to  take  advantage  of  each 
Bucoessive  **  find  "  for  the  manufacture  of  a  new  generic  or  specific 
name,  however  fragmentary  the  materials,  and  so  frequently  have 
species  been  imperfectly  compared  and  characterized,—  that  a  most 
intricate  and  perplexing  synonymy  has  arisen,  which  it  would 
require  long-continued  research  by  the  profoundest  of  specialists  to 
unravel.  Moreover,  cases  are  not  unknown,  in  which  type  speci- 
mens have  subsequently  proved  to  be  unfortunate  restorations,  and 
the. occasional  disregard  of  priority  in  nomenclature  has  also  con- 
tributed to  increase  the  confusion. 

In  this  country,  indeed,  there  appears  to  have  been  no  attempt,  as 
yet,  to  collect  the  desultory  materials  and  determine  exactly  the 
extent  of  our  present  knowledge  of  British  forms :  and  it  is  the 
remembrance  of  this  circumstance  that  has  induced  the  writer  to 
bring  together  the  following  connected  account,  in  the  hope  that  it 
may  tend  to  point  out  the  chief  deficiencies  and  facilitate  further 
research.  It  is  proposed  to  give  complete  references  to  all  studies 
on  the  subject  hitherto  published  in  England,  and  also  enumerate 
the  more  important  allusions  to  British  species  to  be  found  in  the 
memoirs  of  Continental  authors. 

Tkiassio  Crocodilia* 

The  earliest  members  of  the  order  at  present  definitely  known, 
either  in  the  Old  World  or  the  New,  are  discovered  in  the  Upper^ 
Trias,  and  belong  to  at  least  three  genera.  Only  one  has  beenj-^  ^ 
recorded  from  British  strata, — Stagonolepis,  from  the  yellow  sand- 
stones near  Elgin,  N.B., — and  this  does  not  appear  to  be  represented 
by  more  than  a  single  species.  It  was  originally  described  by 
Agassiz,^  in  1844,  on  the  evidence  of  a  fragment  of  scaly  armour, 
and  considered  by  him — though  he  had  only  examined  drawings  of 
the  fossil — to  constitute  a  genus  of  ganoid  fishes ;  twelve  years  later, 
however,  through  the  assiduous  researches  of  the  Rev.  Dr.  Gordon, 
of  Bimie,  a  more  perfect  series  of  remains  enabled  Prof.  Huxley  '  to 
demonstrate  the  reptilian  and  crocodilian  nature  of  the  animal,  and 
the  subsequent  discovery  of  other  materials  has  rendered  it  possible 
to  produce  an  elaborate  monograph  on  the  subject.*  Prof.  Huxley 
makes  known  fragments  of  the  skull  and  mandible,  teeth,  vertebrae, 
ribs,  interclavicle,  scapula,  coracoid,  humerus,  ilium,  ischium,  pubis, 
femur,  tibia?,  fibula  (or  radius),  metatarsals,  and  scutes,  and  the 
anatomy  of  this  form  is  considerably  elucidated  by  comparing  the 
various  parts  with  the  beautifully  preserved  remains  of  its  close  ally, 
Belodon,  from  the  Upper  Keuper  beds,  near  Stuttgart*  Nothing 
seems  to  have  been  added  to  our  knowledge  of  Stagonolepis  since 

1  L.  Agassiz,  **  Eech.  Poiss.  Foes.  Yieui  Gr^  Rouge,"  p.  139,  pi.  31,  figs.  13,  14. 

^  T.  H.  Huxley,  **  On  the  Siagonolepit  Roberttoni  (Agassiz)  of  the  Elgin  Sand- 
stones," Quart.  Journ.  Qeol.  Soc.  toL  xy.  (1869),  pp.  440-460,  pi.  xiv. 

'  T.  H.  Huxley,  **  The  Crocodilian  Beinains  founa  in  the  Elgin  Sandstones,  etc.," 
Mem.  Geol.  Surrey,  Mon.  iii.  (1877) :  see  also  the  Professor's  paper  *'0n  StagonO' 
lepis  Kob^rttonif  and  on  the  E?olution  of  the  Crocodilia,"  Quart.  Journ.  GeoL  Soc. 
Tol.  xxxi.  (1876),  pp.  423-438. 

*  See  memoirs  on  this  genus  by  H.  Ton  Meyer  in  the  **  Palsontographica,"  toIs. 
Tii.  X.  and  xiy.  (1861-1866;. 
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1877,  and  it  has  not  been  reoorded  from  any  bnt  one  Scotob  locality. 
Belodon  had  a  much  wider  range,  having  been  found  in  Wiirtembarg,* 
India,'  and  NorthAmerica ;  *  and  ParasuehuB  *•  is  a  more  generalised 
croGodiliaa  from  India. 

JtJBASSIO   CrOOODIUA. 

The  Lower  Lias  has  not  hitherto  yielded  any  fossils  of  this  order ; 
but  in  the  higher  beds  of  Whitby,  and  their  Continental  equivalents, 
abundant  remains  of  Teleosaurs  are  continually  discovered,  and 
numerous  remarkably  perfect  skeletons  and  skulls  are  to  be  found  in 
various  museums.  The  earliest  specimen  made  known  to  science 
was  figured  and  described  by  Chapman  and  Wooller  in  the  '*  Philo- 
sophical Transactions'*  so  long  ago  as  1758,^  and  the  authors  of  these 
quaint  communications  perceived  the  general  resemblance  of  their 
fossil  in  outward  shape  to  that  of  the  living  Gavials  and  Alligators, 
thus  suggesting  an  affinity  :  but  none  received  a  name  until  the 
publication  of  the  Bridgewater  Treatise,  in  which  Buckland  devoted 
a  plate  •  to  the  illustration  of  three  typical  examples,  and  referred 
them  all  to  an  undefined  species,  Teleosaurua  Chapmani,  Konig  MS. 
Five  years  later,  in  his  second  Report  on  British  Fossil  Reptiles  read 
before  the  British  Association,^  Prof.  (Sir  Richard)  Owen  gave  a 
detailed  account  of  the  specimen  represented  in  fig.  1  of  Buckland's 
plate  just  quoted,  and  subsequently  attached  the  MS.  name  of  T. 
orevior  to  a  fine  skull  in  the  British  Museum  ;  in  1854,  Mr.  Charles- 
worth  •  brought  forward  evidence  of  possibly  another  form,  terming 
it  T,  iachnodont  but  publishing  no  definition ;  in  1861,  Owen's 
"  Palaeontology  "  appeared,  with  the  figure  of  a  detached  vertebra 
designated  T.  hrevirostris ;  *  in  1876,  Prof.  J.  F.  Blake ''»  described 
Owen's  (MS.)  T.  brevior  under  the  name  of  Steneo8aurua  brevior ;  in 
1880,  Prof.  H.  G.  Seeley "  applied  the  provisional  name  of  T. 
eucephalus  to  a  fragmentary  skull — also  from  Whitby— in  the  Wood- 
wardian  Museum,  Cambridge ;  and  quite  lately,  in  his  **  History  of 

1  H.  Ton  Meyer,  loe.  eit, 

*  R.  Lvdekker,  **  The  Reptilia  and  Amphibia  of  the  Maleri  and  Denwa  Groups,*' 
Palseontoloffia  Indica,  ser.  iv.  yol.  i.  pt.  6  (1885). 

>  E.  D.  Cope,  **0n  the  Reptilia  of  the  Triaesic  Formations  of  the  Atlantic  R^on 
of  the  United  Btates,"  Proc.  Amer.  Phil  8oc.  toI.  xi.  (1871),  pp.  444-446  (reprinted 
in  Ann.  and  Mag.  Nat.  Hist.,  [4J  vol.  vi.  pp.  498-500). 

*  R.  Lydekker,  ho.  eit. 

^  William  Chapman,  ''An  Account  of  the  Fossile  Bones  of  an  Allegator.  foond  on 
the  Sea-shore,  near  Whitby,  in  Yorkshire,"  Phil  Trans.,  yol  50,  pp.  688-9,  pi. 
zxii.  (^),  and  Wooller, ''  A  JDescription  of  the  Fossil  Skeleton  of  an  Animal  found 
in  the  Alum  Rock  near  Whitby,*^  iWrf.,  pp.  786-790,  pi.  xii.  This  specimen  was 
presented  to  the  Royal  Society,  and  is  now  in  the  Britisn  Museum. 

*  Rev.  W.  Buckland.  ''Geology  and  Mineraloey,  etc.,'*  toI.  ii.  p.  35,  pi.  25.  An 
early  figure  of  a  skull  from  Whitby  is  also  given  oy  £.  Charleswoith,  in  ^*  Mag.  Nat. 
Hist.,*'  U.S.,  vol.  i.  (1837),  p.  532,  fig.  65. 

7  BritiBh  Association  Reports,  1841,  pp.  73-81. 

^  E.  Charlesworth,  British  Association  Reports,  1854,  Trans.  Sections,  p.  80. 

»  B.  Owen,  "  Palaeontology,"  2nd  edit.,  p.  299,  fig.  103  [1]. 
w  R.  Tate  and  J.  F.  Blake,  "The  Yorkshfre  Lias '»  (1876),  p.  244,  pi.  i.  fig«.  1-8. 
"  H.  G.  Seeley,  "  On  the  Cranial  Characters  of  a  large  Teleosaur  from  the  Whitby 
Lias,*'  Quart.  Joum.  Geol.  Soc,  vol.  zzzvi.  (1880),  pp.  627-634,  pi.  xxiv. 
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British  Fossil  Reptiles/'  i  Sir  Richard  Owen  has  reprinted  his 
previous  (1841)  description  of  T,  Ckapmani,  and  also  added  particulars 
of  T,  hrevior,  without  attempting  to  incorporate  the  results  of  recent 
Continental  research.' 

According  to  MM.  Deslongohamps,'  whose  views  on  the  snhjeot 
appear  to  be  now  generally  adopted,  none  of  these  forms  are  refer- 
able to  Tdeosaurus  proper,  and  ought  rather  to  be  placed  in  the 
genera  Myatrioaaurus  of  Eaup  and  Pdagoaaurua  of  Bronn, — the 
broad-faced  types,  with  much  depressed  cranium  and  upwardly 
directed  orbits,  belonging  to  the  former,  and  those  with  long  slender 
snouts  and  more  laterally  placed  orbits,  widely  separated,  to  the 
latter.  The  present  Professor  at  Caen,  M.  Eugene  Deslongchamps, 
regards  the  Whitby  Museum  specimen  described  by  Owen  (figui^ 
by  Toung  and  Bird,^  and  also  in  Buck  land's  ^g.  1,  pi.  25),  as  the 
type  of  Myatrioaaurua  Chapmani,  Eonig  sp.,  and  the  instructive 
original  of  plate  16  (Crocodilia)  in  Owen*s  "British  Fossil  Reptiles,"* 
as  a  typical  example  of  Pelagoaaurua  Brongniartif  Eaup  sp.'  With 
the  latter,  also,  he  would  associate  the  specimens  shown  in  figs.  2 
and  3  of  Buckland*s  plate  25;''  and,  under  the  same  rearrangement, 
Teleoaaurus  breoior  would  be  relegated  to  Myatrioaaurua. 

Both  these  genera  (or  sub-genera)  are  represented  by  numerous 
specimens  in  the  Continental  Museums,  chiefly  from  the  Upper  Lias 
of  Boll,  in  Wiirtemberg,  and  of  Curoy,  in  Normandy,  and  the 
distinctive  features  of  Felagoaaurua  were  very  definitely  elucidated 
by  the  elder  Deslongchamps :  ^  it  is  more  difficult,  however,  to 
comprehend  the  precise  particulars  in  which  Myatrioaaurua  departs 
from  the  generic  type  of  Steneoaaurua,*  and  though  Winkler,  not 

*  Op.  «7.,  Tol.  iv.  pD.  130-139. 

*  Unfortunately,  in  this  extensiye  work,  there  are  no  particolars  as  to  the  date  at 
which  each  sucoessiye  part  appeared ;  but  as  references  on  previous  pages  of  the  same 
Tolume  (e.g..  on  p.  66)  relate  to  papers  published  so  recently  as  1 880,  the  following 
description  of  the  Teleosaurs  cannot  have  been  printed  before  that  or  a  later  year. 

*  £.  £.  Deslongchamps,  **  Notes  Pal^ntologiques '*  (1863-1869),  and  *<Le  Jura 
Normand  :  Etudes  Paleontologiques  des  Divers  Niveaux  Jurassiques  de  la  Nor- 
mandie/'  Monomphie  iv.  (1877-8). 

^  Toung  and  Bird,  **  Qeological  Survey  of  the  Torkshire  Coast,"  2nd  edit.,  1828, 
pi.  xvi.  flg.  1. 

^  It  may  be  noticed  that  this  (British  Museum)  specimen  is  not  described  in  Sir 
Biehard  Chren's  letterpress,  although  the  plate  is  cited  at  the  commencement  of  the 
Section  (vol.  iv.  p.  130).  Measurements,  however,  are  given  by  M.  Eugene  Deslong- 
champs, **  Le  Jura  Normand.**  Mon.  iv.  p.  11. 

'  To  this  species,  also,  M.  Deslongchamps  assigns  Chapman  and  Wooller's  original 
specimen,  ana  the  restored  figure  given  in  Owen*s  **  Mon.  Foss.  Bept.  London  Clay,** 
pt.  ii.  (Mon.  Pal.  Soc.,  1850),  pi.  xi.  figs.  2,  2a. 

'  Vide  Deslongchamps,  "  Le  Jura  Normand,"  Mon.  iv.  pp.  8-13,  passim, 

'  See  works  of  Euj^ene  Eudes  Deslongchamps  already  cited :  the  descriptions  of 
Felagosaurus  are  largely  based  upon  the  stuoies  of  J.  A.  Eudes  Deslongchamps 
''M^moires  sur  les  Tel^osauriens  de  I'Epoque  Jurassique  du  D^partement  ou 
Calvados,  M^m.  i,"  M6m.  Soc.  Linn.  Normandie,  voL  xiii.  [Felagosaurus  typus  is 
here  described  as  TeUosaurus  temporalis^  but  the  mistake  was  aherwards  rectified  ] 

*  In  1877,  Eugene  Deslongchamps  (**Le  Jura  Normand,**  Mon.  iv.  p.  8,  note) 
announced  a  forthcoming  paper  on  this  subject,  to  be  published  in  the  Bull.  Soc  Zool. 
France  :  the  writer,  however,  has  not  been  able  to  meet  with  it  either  in  that  journal, 
or  in  any  of  the  Caen  publications. 
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long  ago,^  published  a  moat  elaborate  study  of  its  specific  variations, 
he  appears  to  have  left  the  wider  question  of  its  affinities  altogether 
untouched.  The  latter  palsdontologist  endeavours  to  show  that  all 
the  specimens  hitherto  described  really  belong  to  a  single  species, 
divisible  into  two  varieties,  one  English  and  one  German ;  and  he 
accordingly  proposes  {loc,  cit,  p.  83)  to  apply  the  name  of  M, 
Stukelyi^  to  both,  with  the  varietal  adjunct  of  Chapmani,  in  the  case 
of  the  first,  and  Boliensis  in  that  of  the  second.  But  the  ordinary 
rules  of  priority  in  nomenclature  render  it  doubtful  whether  snch  a 
solution  of  the  difficulty  will  meet  with  general  acceptance. 

Teleosaurus  itself,  as  now  usually  restricted,  appears  to  be  well 
represented  in  certain  horizons  of  the  English  Oolites,  and  ranges  at 
least  from  the  Bathonian'to  the  Kimmeridgian  beds  inclusive.  Prof. 
Sir  Richard  Owen '  has  identified  teeth  and  vertebrae  of  the  typical 
species,  T,  Cadomensis,  Qeoffr.,  from  the  Great  Oolites  of  Enslow 
(near  Woodstock)  and  Stonesfield,  and  also  considers*  a  cervical 
vertebra  from  the  Lower  Oolites  of  Chipping  Norton  to  indicate  a 
very  closely  allied  form.  The  same  distinguished  palseontologist^  in 
his  "  British  Fossil  Reptiles,"  also  founds  a  new  species,  T.  latifrons,* 
upon  the  greater  portion  of  a  skull  from  strata  of  Great  Oolite  age  in 
Northamptonshire,  but  the  teeth  and  some  other  important  parts  are 
wanting  ;  and  Prof.  Phillips,  in  his  "  Geology  of  Oxford,"  adds  two 
more  from  the  well-known  Oolitic  Flagstones  of  Stonesfield,  which  he 
designates  T.  hrevidens  and  T,  snbididens,  respectively,  in  allusion  to 
the  shape  of  the  teeth.  The  former  species'  is  founded  upon  a 
remarkably  complete  skull  and  mandible,  and  the  latter  ^  upon  a 
nearly  perfect  mandible,  with  several  other  fragments;  and  associated 
with  the  remains  of  both  are  numerous  vertebrce  and  limb-bones,  of 
which  the  Professor  figures  an  instructive  series.  The  genus  has  not 
hitherto  been  recorded  from  the  Oxfordian  or  Corallian  deposits ; 
but  Sir  Richard  Owen  ®  gives  the  name  of  T,  asthenodeirus  to  a  few 
detached  vertebrsB  found  in  the  Kimmeridge  Clay  of  Shotover  Hill, 
and  Mr.  J.  W.  Hulke*  has  made  known  the  discovery  of  an  un- 
doubted Teleosaurus  snout  in  the  equivalent  clays  of  Dorsetshire. 
This  Kimmeridgian  specimen  is  especially  remarkable  for  the  expan- 
sion of  its  terminal  extremity,  and  accordingly  received  the  name  of 
T.  megarhif^us,  Hulke. 

The  remaining  Teleosaurs  of  the  Jurassic  period  seem  to  belong 

^  T.  C.  Wmkler,  **  'ktade  sur  le  genre  Mt/striosaurus,'*  Archiyes  da  Mus^e  Teyler, 
Tol.  iv.  faec.  i  (1876). 

'  On  the  assumption  that  the  Whitby  fossil  described  by  Stukely  at  the  beginning 
of  the  last  century  [Philosophical  Transactions,  1719,  pp.  963-968  (No.  360),  pi.  i.  J 
belongs  to  this  genus ;  the  original  specimen,  however,  is  now  in  the  British  Museum, 
and  is  certainly  a  Plesiosaur. 

*  R.  Owen,  British  Association  Reports,  1841,  p.  81. 

*  Ibid.  p.  81. 

'  Sir  R.  Owen,  Op.  cit.,  vol.  iii.  p.  141,  pL  ivii.  (Crocodilia). 

•  Prof.  John  Phillips,  op.  cit,  pp.  186-189.  '  Ibid.  pp.  194,  195. 
'  R.  Owen,  British  Association  Reports,  1841,  p.  81. 

•  J.  "W.  Hulke,  **  Note  on  a  Fragment  of  a  Teleosaurian  Snout  from  Klmmerid^ 
Bay,  Dorset,**  Quart.  Joum.  Geol.  Soc.  vol.  xivii.  (1871),  p.  442,  pi.  xviii.  Tma 
specimen  was  discovered  by  Mr.  Mansel-Pleydell,  and  present^  by  him  to  the  British 
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to  about  six  or  seven  generic  types ;  the  earliest  are  referable  to  the 
Steneosaurus  of  Qeoflfroy  St.-Hilaire,  and  Teleidosaurus  of  Deslobg- 
champs ;  and  those  of  the  Middle  and  Upper  Oolites  chiefly  belong 
to  .^lodon  (H.  von  Meyer),  Metriorhynchus  (H.  von  Meyer), 
Dakosaurus  (Quenstedt),  and  Maehimoaaurus  (H.  von  Meyer).  Mr. 
E.  T.  Newton  *  has  also  described  a  fragmentary  mandible,  probably 
crocodilian,  from  the  Coral  Rag  of  Weymouth,  and  this,  if  rightly 
determined,  may  possibly  indicate  another  genus. 

Of  SteneosauruSf  the  French  Oolites  appear  to  have  furnished 
about  twenty  forms,  and  among  British  fossils,  niua  others  'have 
already  been  named  and  described ;  at  least  three  of  the  latter,  how- 
ever, were  originally  placed  with  this  genus  on  very  questionable 
grounds,  and  there  is  abundant  reason  for  suspecting  that  they  ought 
rather  to  be  refefred  to  Metriorhynchus.  It  is  also  unfortunate  that 
the  three  cranial  modifications  made  known  by  Sir  Bichard  Qwen 
are  not  compared  or  contrasted  with  those  previously  described  by 
Deslongohamps ;  and,  with  the  exception  of  Steneosaurus  Boutilieriy^ 
Deslong.,*  Mr.  Hulke's  8.  Stephani,^  from  the  Cornbrash  of  Closworth, 
Dorset,  is  thus  the  only  English  species  yet  satisfactorily  defined. 
Those  described  by  Owen  *  are  8.  Geoffroyi,  from  the  Great  Oolite 
near  Oxford ;  S.  latieeps,  also  from  this  formation  and  locality ;  and 
5.  temporalis,  from  the  '*  Oolitic  Freestone  "  of  Bath :  all  are  founded 
upon  more  or  less  complete  skulls,  but  there  are  no  particulars  as  to 
the  collection  in  which  the  type-specimen  is  preserved  in  either  case. 
Phillips*  records  a  fragment  of  jaw,  from  the  Kimmeridgian  of 
Shotover  Hill,  under  the  rather  indefinite '  name  of  "  8,  longirostriSf 
Cuv.  " ;  and  a  cranial  fossil  of  Oxford  ian  age,  in  the  Woodwardian 
Museum,  Cambridge,  is  regarded  by  Seeley^  as  the  type  of  a  new 
species,  8.  dasycephalus. 

Teleidosaurus  does  not  appear  to  have  been  recorded  as  yet  from 
British  strata,  nor  is  there  much  definite  information  regarding  the 
occurrence  of  Metriorhynchus  in  this  country.  Deslongohamps, 
indeed,  seems  to  be  the  only  palaeontologist  who  has  hitherto 
attempted    to    determine    any    English    fragments    of    the    last- 

'  E.  T.  Newtoo,  '*  Notes  on  a  Crocodilian  Jaw  from  the  Corallian  Rocks  of 
Weymouth,"  Quart.  Journ.  Geol.  Soc.  toI.  ixxiv.  (1878),  pp.  398-400,  pi.  i?i. 

'  Under  this  name  M.  Deslongchamps  (**  Notes  Paleont.  *  p.  230,  ph  xri.  fig.  2) 
mentions  a  plaster  cast  of  a  skull  and  mandible  from  the  Cornbrash  near  Oxford, 
received  from  the  Bristol  Institution,  and  labelled  **Oroeodilu9  OxcniemiSy  Conybeare  "  ; 
and  in  describing  his  outline  figures  of  the  specimen,  he  further  refers  to  it  as 
*'  Steneotaurui  OzoniemU^  De  la  Beche.*'  But  Mr.  Edward  Wilson,  to  whose  kind- 
ness the  writer  is  indebted  for  particul  irs  of  the  Crocodilian  fossils  now  in  the  Bristol 
Museum,  is  unable  to  discover  any  such  label  in  the  collection ;  and  the  present 
whereabouts  of  the  original  specimen  seems  to  be  unknown.  The  specific  name  is 
evidently  MS.  only. 

'  J.  C.  Mansel-Pleydell,  «  Note  on  a  Gavial  Skull  from  the  Cornbrash  of 
Closworth,*'  Proc.  Dorset  Nat  Hist  and  Antiquarian  Field  Club,  voL  i.  (1877), 
pp.  28-32,  pi.  i.    A  detailed  descriptive  paragraph  is  supplied  by  J.  W.  Hulke. 

*  Sir  Ei<Wd  Owen,  '*  History  of  British  Fossil  Beptiles,  voL  iii.  pp.  144,  145, 
pi.  18, 19  (Crocodilia). 

>  J.  Phillips,  **  Geology  of  Oxford,*'  p.  388  (with  woodcut  of  tooth). 

•  See  Deslongchamps,  **  Notes  Paldontologiques,'*  pp.  110,  HI. 

7  H.  G.  Seeley,  *«  Index  to  Beptilia,  etc.,  Woodwardian  Museum,'*  1869,  p.  140. 
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Darned  genus,  and  he  incidentally  refers  to  the  oooorrenoe  of  JIf. 
§upercilio8U8t  de  Blainv.  sp.,  in  the  Oxford  Clay  near  Oxford,^  and 
of  M.  haatifeTf  Desl.,  in  the  Eimmeridgian.*  fie  farther  adds  an 
interesting  statement '  i*egarding  the  large  mandihle  from  Eimmeridge 
Bay,  described  by  Sir  Biohard  Owen  ^  under  the  name  of  PUosanruM 
trochanterius,  and  expresses  his  opinion  that  it  certainly  belongs  to 
the  present  Crocodilian  form. 

To  Metriorhynehui,  also,  we  may  safely  refer  seyeral  fossils  from 
the  neighbourhood  of  Oxford,  described  by  Professor  Phillips  as 
Steneosaurian. 

Among  its  many  important  characters/  this  genus  is  especially 
remarkable  for  the  great  deyelopment  of  the  pre-frontal  bones  which 
overhang  its  laterally-placed  orbits ;  the  elongated,  oval  form  of  the 
upwardly  directed  external  nostril;  the  large  relative  size  of  the 
three  or  four  anterior  teeth  in  each  jaw ;  and  the  general  contour  of 
the  hinder  cranial  region.  Fragments  of  the  snout  may  also  be  easily 
distinguished  by  the  palatal  surface  exhibiting  two  parallel  longi- 
tudinal grooves.  Moreover,  it  seems  even  possible  to  recognize 
detached  vertebrsd  by  the  peculiarities  of  the  neural  arch,  for  the 
pedicle  on  each  side  is  slightly  prolonged  downwards,  thus  presenting 
the  appearance  of  clinging  to  the  centrum.* 

Now,  nearly  all  these  characters  are  well  shown  in  Prof.  Phillips' 
figures  of  "  Steneosaurus  palpebrosus ''  and  **  Steneosaurus  gradUsy**  ^ 
and  these  species  are  also  confined  to  the  Upper  Oolites,  like  the 
majority  of  the  Metriorhynchs  of  the  Continent^    Of  the  first  named 

1  E.  E.  Deslong^champi,  <*  Notei  Pal6ontolog:iqiies,"  p.  819.        *  Op.  eU.  p.  363. 

*  While  describing  the  mandible  of  Metuorhynchu*  Mwli,  M.  Dedongdiampt 
writes  as  follows  {op,  eit,  p.  329) : — *'  Cette  forme  de  machoire  inferieure,  toute 
diff^rente  de  celle  oes  autres  animaox  de  la  m^me  famille,  rapelle  assez  la  mdme  pi^ 
appartenant  k  un  animal  d'une  tout  autre  famille,  c'est-^-dire  des  Sanropt^iygiens ; 
je  yeox  dire  celle  qui  est  d^crite  par  S.  Rich.  Owen,  comme  6tant  celle  d*an  Fliotmrut 
qui,  d'ailleurs,  s'ecarte  notablement  de  la  forme  habituelle  du  Fliosauru*  frmtdu,e% 
(^u'il  nomme  Pltosaurut  troehantetiut,^  II  est  hors  de  doute  aue  la  m&choire  decrite 
ici  appartient  au  genre  M^triorhynche ;  il  serait  en  effet  trop  etrange  que  cette  forme 
fftt  Tenue  pr^cis^ment  se  rencontrer  dans  toutes  les  assises  on  se  troutent  des  M6trio- 
rhynches,  et  que  je  puisse  rapporter  des  pieces  en  tout  sembkblee  par  leurs  caractdret 
particuliers  de  taille,  de  force  et  de  bri^v^t^  ou  d'allongement  du  museau,  k  chacune 
de  mes  esp^ces  de  M^triorhynches,  aussi  bien  dans  les  couches  calloTiennea 
qu*oxfordiennes  et  kimm^ridgiennes ;  et,  en  effet,  je  connais  d^  maintenant  dea 
m&choires  inf^rienres  se  rapportant  parfaitement  aux  Met,  tup&reiiiotma,  Mvreiiy  et 
hattifir,'* 

«  R.  Oweu)  <*  Monograph  of  the  Fossil  Reptilia  of  die  Kimmeridge  Clay  **  (lion. 
Pal.  Soc.,  1868),  p.  7,  pi.  iii.  figs.  3-5. 

'  &.  E.  Deslongchamps,  op.  eit,  p.  132. 

<  Character  mentioned  by  H.  £.  Sauvage  in  Bull.  Soc.  6^1.  France,  [3]  tH. 
(1879),  p.  695.  See  also  figures  and  descriptions  of  Tertebrse  by  £.  E.  Deslongcbampa 
in  Lennier's  **  Etudes  g^ologiques  et  pal6ontologiques  but  TEmbouchure  de  la  Seine, 
etc.,"  1870,  pp.  60-62,  pi.  x. 

'  J.  Phillips,  "Geology  of  Oxford,"  pp.  380-388,  with  woodcuts.  The  Kim- 
meridge  specimens  were  preriously  noticed  by  Owen  (Brit.  Assoc.  Reports,  1841, 
p.  82)  unoer  the  name  of  Stsneotaunts  rottriMninor,  Geofitr. 

^  Referring  to  the  Continental  forms,  Deslongchamps  remarks  {op,  cit,  p.  134) : — 
*'  On  les  retrouve  dans  les  diverses  assises  oxfordiennes,  et  leur  maximum  de  d^veloppe- 
ment  semble  avoir  lieu  dans  les  assises  kimm^ridgiennee  sup^eures  et  puit- 
landiennes." 
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form,  a  large  series  of  remains,  from  the  Kimmeridge  Clay  of 
Shotover,  are  preserved  in  the  Museum  at  Oxford,  and  the  Professor 
illustrates  both  skull  and  mandible,  vertebras,  shoulder  girdle,  and 
ischium,  besides  several  limb  bones  more  doubtfully  referred  to  the 
same  animal.  M.  gracilis  was  founded  upon  less  perfect  mateiials :  the 
type-specimen  is  a  fn^mentary  skull,  discovered  by  Mr.  Wood 
Mason,  and  especially  interesting  on  account  of  its  being  of  Port- 
landian  age.  In  the  same  work  (p.  319),  Prof.  Phillips  further 
desciibes  a  number  of  vertebrsB  from  the  Oxford  Clay  of  Long 
Marston,  said  to  agree  very  closely  with  those  of  the  Shotover  species ; 
and  it  may  be  added  that  an  anterior  portion  of  a  mandible,  obtained 
by  Mr.  Cunnington  from  the  corresponding  beds  of  Chippenhaili, 
and  now  in  the  British  Museum  (No.  46323),  undoubtedly  beloogs 
to  the  same  generic  type. 

'  The  presence  of  Machimosaurus  among  British  fossils  has  only 
once  been  doubtfully  suggested.  M.  Sauvage  ^  thinks  it  likely  that 
the  tooth  recorded  by  Phillips'  from  the  Kimmeridge  Clay  of 
Hardwick,  under  the  name  of  GoniophoUs  sp,,  will  eventually  prove 
to  belong  to  this  genus;  and  our  present  information  regarding  the 
range  of  each  form  renders  the  suggestion  very  plausible. 

Another  generic  type  of  Eimmeridgian  age  is  the  Ddkosaurus  of 
Quenstedt.'  Detached  teeth  closely  resembling  those  described  on 
the  Continent  are  not  unfrequently  met  with  in  several  Kimmeridge 
Clay  localities,  but  with  the  exception  of  certain  derived  fossils  in 
the  Potton  deposits,  no  British  specimens  appear  to  have  been 
definitely  identified  until  1869,  when  Mr.  Wood  Mason  ^  presented  a 
note  on  the  subject  to  the  (Geological  Society,  and  Prof.  H.  G.  Seeley* 
recorded  other  specimens  from  the  well-known  pits  near  Ely.  Some- 
what later  in  the  same  year,  Mr.  Hulke '  made  known  a  crocodilian 
jaw  from  the  typical  deposits  of  Kimmeridge  Bay,  which  exhibited 
a  number  of  teeth  of  an  undoubtedly  similar  character,  and  wa9 
associated  with  vertebrsB  and  other  skeletal  fragments;  in  1870,  the 
subsequent  fortunate  recognition  of  the  skull  of  the  same  individual 
provided  materials  for  a  much  more  satisfactory  study,  with  the 
result  that  the  distinguished  palsBontologist  just  mentioned  relegated 
the  form  to  a  new  species  of  Steneosatirus — 8,  Manselii,  Hulke — 
and  thus  deposed  the  generic  name,  Dakosaurus,  to  the  rank  of  a 

1  H.  E.  Sauvage,  "  M^moire  snr  lee  DinoBauriens  et  les  Crocodiliens  des  TerrainB 
Jurassiqaee  de  BouJogne-sur-Mer,"  M4m.  Soc.  G^l.  France,  [2]  vol.  x.  m^m.  ii. 
(1874),  p.  50.  It  should  be  noted  that  tiie  statement  in  this  Memoir,  to  the  effect 
that  MaehitHOMurut  and  Goniopholis  are  synonymous,  was  withdrawn  in  1879,  on  the 
discovery  of  more  complete  remains  of  the  former  genus. 

«  J.  Phillips,  op.  cit.  p.  332. 

*  A.  Quenstedt,  **  Der  Jura,"  1858,  p.  785,  pi.  97,  fig^s.  8-11. 

*  J.  "Wood  Mason,  "On  Dako»auru9  from  the  Kimmerid^  Clay  of  Shotover  Hill," 
Quart.  Joum.  Oeol.  Soc.  vol.  xxv.  (1869),  pp.  218-220  (with  woodcuts). 

*  H.  G.  Seeley,  **  Index  to  Reptiiia,  etc.,  Woodwardian  Museum,"  p.  109. 

*  J.  W.  Hulke,  ^'^iotes  on  some  Fossil  Remains  of  a  Gavial-like  Saurian  from 
Kimmeridge  Bay,  collected  by  J.  C.  Mansel,  Esq.,  establishing  its  identity  with 
Cuvier's  Veuxthne  Oavial  d'MonfUw^  Tits  d  museau  pluM  court  {UtenMtaurut  rostro" 
mmor  of  Geoffrey  St-Hilaire)  and  with  Quenstedt's  Dakotaurus,*'  Quart.  Joum. 
Oeol.  Soo.,  vol.  xxv.  (1869),  pp.  890-400,  pis.  xviL  xviiL 
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synonym.*  These  instnictive  specimens  (with  many  other  Kim- 
meridge  fossils)  had  been  presented  by  their  discoverer,  Mr.  Mansel- 
Pleydell,  to  the  British  Musenm,  where  they  have  since  oooupied  a 
prominent  position  in  the  Crocodilian  series,  and  a  little  more  than  a 
year  ago  formed  the  subject  of  another  memoir— -on  this  occasion  by 
Sir  Richard  Owen.*  While  confirming  completely  the  descriptivo 
details  published  by  his  fellow- worker  fifteen  years  ago,  Sir  Richard 
now  endeavours  to  maintain  that  the  fossils  in  question  are  really 
generically  separable  from  Steneosanrus,  and  thus  proposes  to  estab- 
lish a  new  genus,  Plesiosuchm—wi  named  in  allusion  to  the  fact, 
that  the  shape  of  the  skull  and  the  disposition  of  the  nasal  bones 
indicate  a  nearer  approach  to  the  later  broad-faced  Crocodiles  than 
any  of  the  earlier  Teleosauria.  On  the  other  hand,  Mr.  Hulke  '  still 
ventures  "  to  deprecate  any  disturbance  in  the  original  name  "  ;  and 
it  is  remarkable  that  in  the  paper  just  quoted,^  Sir  Richard  Owen 
makes  no  allusion  to  the  asserted  identity  of  the  teeth  with  those  of 
Quenstedt's  Dahosaurvs  (1858),  when  he  suggests  the  removal  of 
this  species  from  the  true  Steneosaurs. 

The  interesting  remains  of  Dakosaurus  in  the  Woodwardian 
Museum,  Cambridge,  recorded  and  briefly  noticed  by  Prof.  Seeley,* 
have  not  hitherto  been  fully  described.  Among  others,  they  include 
a  remarkably  complete  skull  from  the  Eimmeridge  Clay  of  Ely 
(which  has  received  the  name  of  2>.  lissoeephalus,  Seeley)  and  sevend 
other  portions  of  the  skeleton.  There  is  also  a  worn  tooth  of 
Dakosaurus — probably  indicative  of  a  new  species  (Seeley) — from 
the  Coral  Rag  of  North  Orimston.* 

As  might  be  expected  from  the  stout  character  of  its  teeth,  it  may 
be  noted  that  Machimosaurus  has  proved  to  be  a  comparatively  short- 
snouted  Mesosuohian.  Being  of  the  same  (Eimmeridgian)  age,  MM. 
Sauvage  and  Li^nard's  valuable  memoir^  on  this  generic  type  is 
especially  interesting  when  considered  in  connection  with  Dakosaurus, 

PUBBECK  AND   WeALDEN   CbOOODILIA. 

The  majority  of  the  crocodilians  of  this  age  at  present  known  are 
characterized  by  broad-faced  skulls ;  and  only  two  genera,  probably 

1  J.  W.  Hulke, "  Note  on  a  Crocodilian  Skull  from  Kimmeridge  Bay,  Dorset," 
ibid,  vol.  xxvi.  (1870),  pp.  167-172,  pi.  ix.  This  identification  wa«  subsequenUy 
questioned  by  H.  E.  Sauvage  ("Sur  le  genre  Daeosaunu,  Quenstedt,"  BuU.  Soc 
G6ol.  France  [3],  vol.  i.  1873,  pp.  380-385),  who  endeavoured  to  prove  the  Mosa- 
saurian  character  of  the  detached  teeth  met  with  in  Continental  depoeiti.  Subsequent 
research,  however,  has  failed  to  strengthen  such  an  opinion. 

'  Sir  Richard  Owen.  *'  On  the  Cranial  and  Vertebral  Characters  of  t^e  Crocodilian 
Genus  PietiMuehus,  Owen,"  Quart.  Joum.  Geol.  Soc.  vol.  xl.  (1884),  pp.  153-159. 
See  also  Owen's  *»  Brit  Fobs.  Reptiles,*'  vol.  iii.  pp.  146-151,  (Crocodilia)  pi.  20, 
figs.  1-4. 

3  Presidential  Address.  1884,  Proc.  Geol.  Soc.  pp.  45-47. 

*  Quart.  Joum.  Geol.  Soc.  1884. 

>  H.  G.  Seeley,  '<  Index  to  remains  of  Reptilia,  etc.,  Woodwardian  Museum,** 
1869,  pp.  109,  92. 

«  Can  this  be  the  same  as  certain  Corallian  teeth  in  the  British  Musenm,  bearing 
the  MS.  name  of  Pliotaurua  tereUden$y  Owen  P 

^  H.  E.  Sauvage  and  F.  Li^nard,  **  M^moire  snr  le  genre  Machimotauru*,**  M6m. 
Soc.  G6ol.  France,  [31  vol.  i.  ra^m.  iv.  (1879).  Abstract  by  H.  E.  Sauvage  in  Bull. 
Soc.  G6ol.  France,  [3]  vol.  vii.  (1879),  pp.  693-697. 
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related  to  the  oMer  Teleosaurs,  appear  to  have  been  hitherto  described 
in  Britain.  Hylaochampaa  veclianat  Owen,^  is  founded  upon  the 
hinder  portion  of  a  small  (young?)  skull— discovered  by  the  Kev. 
W.  Fox,  M.A.,  in  the  Wealden  beds  of  the  Isle  of  Wight— and  its 
precise  affinities  are  somewhat  uncertain.  Petrosvchus  levidenSf  Owen,* 
is  a  Purbeok  species,  determined  upon  the  evidence  of  a  fragmentary 
skull  and  mandible  from  Swanage,  and  also  rather  problematical  in 
its  affinities :  it  is  regarded,  however,  as  intermediate  between  the 
long-  and  short-snouted  types. 

The  first  of  the  broad-faced  forms  that  received  a  name  was  that 
constituting  Owen's  genus  QoniopholiSi^  and,  though  little  was  known 
of  it  at  first,  the  original  species  has  subsequently  proved  to  have  so 
many  congeners,  that  it  is  now  found  convenient  to  group  them  all 
together  in  a  family  termed  GoNioPHOLiDiB ;  *  Mr.  Hulke,  indeed, 
ventured,  a  few  years  ago,*  to  regard  their  peculiarities  as  justifying 
the  erection  of  a  new  suborder,  Metambsosuohia,  but  the  advisability 
of  such  a  procedure  has  lately  been  called  in  question.* 

Qoniopholia — so  named,  in  1841,^  in  allusion  to  the  rectangular 
form  of  the  (dorsal)  scutes — was  founded  upon  a  number  of  detached 
teeth  discovered  by  Dr.  Mantell  in  the  Wealden  of  Tilgate  Forest, 
and  upon  a  large  portion  of  a  skeleton  from  the  Purbeck  Beds  of 
Swanage,  which  also  exhibited  one  or  two  dental  fragments  of  a 
similar  type.  Subsequent  discoveries  in  the  Wealden  of  Sussex,  and 
the  Purbecks  of  Dorset,  have  contributed  further  to  elucidate  the 
genus,  adding  two  new  species,  and  the  recent  fortunate  acquisition 
of  almost  complete  skeletons  from  the  celebrated  Wealden  strata  of 
Bemissart  in  Belgium,  seems  destined  to  supply  nearly  all  deficiencies 
in  our  knowledge  of  its  osteology.  The  skull  was  not  made  known 
until  1878,  when  Hulke  ^  (followed,  in  the  case  of  one  specimen,  by 
Owen  *)  was  able  to  describe  all  its  more  salient  features :  and  it  is 
only  about  two  years  since  Dollo  "*  gave  an  outline  of  the  general 
skeletal  characters  as  revealed  by  the  Belgian  examples. 

1  R.  Owen,  *'  Mono^ph  of  the  Fossil  Reptilia  of  the  "Wealden  and  Purbeck 
Fonnations,"  Suppl.  vi.  (Mon.  Pal.  Soc.  1873). 

»  R.  Owen,  **Mon.  Foes.  Rept.  Weald,  and  Purb.  Form.**  Suppl.  viii.  (Mon. 
Pal.  Soc.,  1878),  p.  10,  pL  vi. 

»  R.  Owen,  **  Report  on  British  Fossil  Reptiles,  Part  II.**  Brit.  Assoc.  Rep.  1841, 
p.  69. 

•  L.  Dollo,  "  Premiere  Note  sur  lee  Crocodiliens  de  Bemissart,**  BuU.  Mus.  Roy. 
Nat  Hist.  Belgiqne,  vol.  ii.  (1883),  p.  334. 

•  J.  W.  Hulke,  "  Note  on  two  Skulls  from  the  Wealden  and  Purbeck  Formations, 
indicating  a  new  Sub-group  of  Crocodilia,'*  Quart  Joum.  Geol.  Soc.  Tol.  xxxiv. 
(1878),  D.  381. 

•  L.  Dollo,  loe.  eit,  p.  329. 

'  R.  Owen,  Brit  Assoc.  Reports.  1841,  p.  69. 

•  J.  W.  Hulke,  paper  already  cited,  Quart.  Joum.  Oeol.  Soc.  vol.  xxxiv.  pp. 
377-381,  pi.  XV.  It  should  be  added,  that  Prof.  Huxjby  previously  described  a 
portion  of  an  indeterminable  crocodilian  skull  from  the  Wealden  of  Brook,  Isle  of 
Wight,  in  his  paper  of  1876,  Quart.  Joum.  Geol.  Soc.  vol.  ixxi.  p.  432,  pi.  xix. 
fig.  3 :  these  later  discoveries  indicate  its  probable  reference  to  Ooniopho/it. 

•  R.  Owen,  *<  Mono^ph  of  the  Fossil  Reptilia  of  the  Wealden  and  Purbeck 
Formations,"  Suppl.  viii.  (Mon.  Pal.  Soc.,  1878),  p.  7,  pi.  v. 

^®  L.  Dollo,  note  already  quoted  above. 
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The  teeth  of  the  "  Swanage  Crocodile," '  and  Mantell's  specimras 
from  Tilgate  Forest,  being  remarkable  for  their  think  and  stunted 
shape,  the  original  type-species  was  named  0,  crassidens,^  A  second 
form,  described  by  Uulke  and  Owen  in  1878,'  is  known  as  G.  sinus, 
Owen,  and  it  is  to  this  that  the  magnificent  skeletons  from  Bemissart 
may  be  referred  :  the  teeth  are  more  slender  than  in  the  first-named 
species  and  the  head  apparently  less  tapering.  O.  tenuidens  is  the 
name  given  by  Owen,^  in  1879,  to  a  fragmentary  mandible  from  the 
Middle  Purbecks  of  Durdlestone  Bay,  and  indicates  a  small  form, 
characterized  by  the  slenderness  of  its  teeth ;  and  four  vertebrae,  from 
tlie  Wealden  of  Ouckfield,  are  figured  in  Owen's  "British  Fossil 
Beptiles  " ' — though  not  described — under  the  name  of  G.  earincUus. 

The  Middle  Purbecks  of  Durdlestone  Bay  have  also  yielded  an 
interesting  series  of  remains  of  ''  Dwarf  Crocodiles,*'  some  of  which 
are  undoubtedly  referable  to  the  same  family.  They  were  described 
by  Sir  Richard  Owen'  in  1879,  and  distributed  among  three  new 
genera,  termed  respectively  Nannosuchus,  Brachydectes,  and  Therio' 
suehuSf  and  considered  to  indicate  about  four  species. 

Nannosuchus  graeilidens  is  founded  upon  the  skull  and  mandible ; 
but  associated  vertebrsd,  scutes,  and  portions  of  limb-bones  are  also 
known.  The  second  genus — with  its  two  species,  B.  major  and 
B,  minor — is  indicated  by  mandibular  rami,  particularly  remarkable 
on  account  of  the  very  small  proportion  of  the  jaw  bearing  teeth. 
Brachydectes  ("short-biter"),  however,  is  a  name  preoccupied  by 
Cope,  in  1868,^  for  a  Carboniferous  Labyrinthodont,  and  it  will, 
therefore,  be  necessary  to  substitute  a  new  term.  It  may  not  be 
inappropriate  to  suggest  the  generic  title  of  Oweniasvehus,  employing 
the  name  of  one  to  whom  we  owe  the  earliest  definite  information 
I'egarding  British  Fossil  Crocodiles,  and  so  many  contributions  to 
the  subject  that  have  subsequently  appeared. 

The  remains  of  Theriosuchus  pusillus  include  not  only  the  skull 
and  mandible,  but  also  a  nearly  complete  skeleton,  and  its  osteology 
is  thus  comparatively  well  known.  M.  L.  Dollo  has  su^ested  ^  that 
it  may  possibly  belong  to  his  newly  determined  family  of  Bemis- 
sartidce ;  and  if  this  view  prove  correct,  the  fact  of  its  dorsal  scutes 
being  apparently  on  the  Goniopholis  plan — in  two  rows,  with  peg- 
and-socket  articulation — instead  of  following  the  plan  of  Bemissartia, 
will  become  of  especial  interest. 

I  G.  A.  Mantell,  "  Wonders  of  Geology,"  3rd  edit.  (1839).  toI.  i.  pp.  887-889,  pi.  i. 

*  B.  Owen,  firit  Assoc.  Reports,  1841,  p.  69.  Further  detaus  are  given  in 
Owen's  "Mon.  Foes.  Kept  Weald,  and  Purb.  Form.,'*  Suppl.  viii  (Mon.  PaL  8oc, 
1878),  PI).  1-6,  pis.  i  -iv. ;  and  Mr.  Willett' s  Wealden  skull,  described  by  Mr.  Hulke, 
Ice.  cit,f  is  rep;araed  as  probably  belonging  to  this  species. 

'  Memoirs  in  Quart.  Journ.  Geol.  8oc.  and  Mon.  Pal.  Soc.  already  quoted. 

«  R.  Owen,  *«Mon.  Fobs.  Rept.  Weald,  and  Purb.  Form.,**  Suppl.  ix.  (Mon.  PaL 
Soc.,  1879),  p.  2.  pi.  i.  fig.  1. 

^  Op,  eit.  pi.  14  (Croeodilia). 

<  R.  Owen,  <'Mon.  Foes.  Rept.  Weald,  and  Purb.  Form.,"  Suppl.  ix.  (Men.  Pal. 
Soc.,  1879).     See  also  Quart.  Journ.  GeoL  Soc.  toI.  xxxy.  pp.  149-162,  pL  ix. 

7  £.  D.  Cope,  *'  SynopsiB  of  the  Extinct  Batrachia  of  North  America,*'  Proc 
Acad.  Nat.  Sci.  Philadelphia,  1868,  p.  214. 

»  L.  Dollo,  he.  cil.  p.  835. 
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The  genns  Suchosaums,  Owen,*  is  Tery  imperfectly  known.  It  is 
founded  upon  detached  teeth  from  the  Wealden  of  Tilgate  Forest, 
characterized  by  their  laterally  compressed  and  slightly  curved 
shape,  and  ornamented  with  prominent  longitudinal  ridges;  they 
are  especially  remarkable  from  the  fact,  that  i£e  compression  is  from 
side  to  side,  and  the  opposite  trenchant  **  carinsa ''  hence  anterior  and 
posterior,  while  the  corresponding  edges  in  most  other  crocodilian 
teeth  that  are  known  to  possess  them  are  distinctly  lateral  in  posi- 
tion. Only  one  species,  8.  etdtridens^  is  as  yet  recognized,  and  with 
the  teeth  Sir  Bichard  Owen  has  ventured  to  associate  a  peculiar  type 
of  Wealden  vertebra  that  can  scarcely  be  referred  to  any  other 
Saurian  hitherto  met  with  in  those  deposits. 

Only  one  other  British  crocodilian  fossil  of  Wealden  (?)  age 
appears  to  have  been  hitherto  described.  It  is  a  small  slab  of 
"Greensand,"  from  the  neighbourhood  of  Hastings,  exhibiting  a 
few  scarcely  determinable  scutes  and  other  skeletal  fragments, 
and  described  by  Sir  Bichard  Owen,'  in  1851,  under  the  name  of 
"  CrocodiluB  ?  SauliiJ'  Later  discoveries,  of  course,  suggest  its 
affinities  with  such  forms  as  Bemisiartia  or  the  Purbeck  genera. 

Cbbtaoeous  Crogodilia. 

No  members  of  the  Crocodilian  order  seem  to  have  been  recorded 
from  any  of  the  British  Cretaceous  formations,  except  the  Cambridge 
Greensand.  While  the  corresponding  beds  in  North  America  afford 
evidence  both  of  the  decline  of  the  Mesosuchia  and  the  rise  of  the 
Eusuchia,  at  this  period — and  while  satisfactory  remains  of  the  last- 
named  suborder  are  also  known  from  Continental  deposits — the* 
only  discoveries  hitherto  recorded  in  Britain  are  a  few  procoelian 
vertebras  from  Cambridge.  These  are  regarded  by  Prof.  Seeley  as 
indicative  of  two  species,  probably  belonging  to  the  genus  Crocodilwif 
and  accordingly  named  C,  cantahrigiemiB  ^  and  C,  icenicus,^ 

EOOBNE  CbOOODILIA. 

Of  all  known  Crocodilia  of  the  Eocene  period,  perhaps  no  series 
can  claim  to  be  of  greater  interest  than  that  discovered  in  the 
London  and  Hampshire  Basins.  Not  only — as  Sir  Bichard  Owen 
has  pointed  out— are  the  characters  both  of  Crocodiles,  Alligators, 
and  Gavials,  observed  in  the  various  forms  from  thb  single  area, 
while  the  three  families  are  nowhere  found  associated  at  the  present 
day ;  but  many  of  the  fossil  remains  already  known  are  also  of  a 

*  E.  Owen,  Brit.  Aflaoc.  EeportB,  1841,  p.  67;  and  **Mon.  Fo«.  Eept.  Weald, 
etc.,"  Suppl.  Tiii.,  (Mon.  Pal.  8oc.  1878),  p.  12^  pi.  iy.  figs.  6-8. 

'  R.  Owen,  '*  Monograph  of  the  Foesil  Beptilia  of  the  Cretaoeons  Fonnations," 
(Mon.  Pal.  Soc.,  186lJ,  p.  46,  pi.  it. 

>  H.  O.  Seeley,  **  Index  to  Aeptilia,  etc.,  in  Woodwardian  Mnsenm"  (1869), 
p.  xyi,  and  **  On  Cervical  and  Dorsal  Vertebrae  of  CroeodiiuM  eantabrigientit  (Seeley) 
from  the  Cambric^  Upper  Greensand,"  Quart.  Joum.  Geol.  Soc.  yol  xxx.  (1874), 
pp.  693-696. 

*  H.  G.  Seeley,  *<  On  OroeodUut  ie$nieu»  (Seeley),  a  second  and  larger  Species  of 
Crocodile  from  the  Cambridge  Upper  Greensand,  containpd  in  the  Woodwardian 
Mnseum  of  the  Uniyersity  of  Cambridge,"  loe,  cit,  yol.  xxzii.  (1876),  pp.  437-439. 
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remarkably  satisfactory  character,  and  include  fine  cranial  specimens 
in  an  excellent  state  of  preservation. 

The  first  notice  of  a  Crocodile  from  the  London  Clay  of  Sheppey 
was  by  Baron  Cuvier,^  who  based  his  determination  upon  a  detached 
cervical  vertebra ;  an  imperfect  skull  was  subsequently  discovered 
by  Mr.  Spencer,  in  1881,  and  figured  by  Buckland'  under  the 
name  of  G,  Spenceri ;  and  in  1860,  the  Palawntographioal  Society 
published  an  exhaustive  monograph  by  Prof.  (Sir  Richard)  Owen,* 
which  embraced  an  account  of  all  the  fossil  remains  of  this  order« 
from  British  Eocene  deposits,  at  that  time  available.  With  the 
exception  of  a  brief,  but  valuable  contribution  to  our  knowledge  of 
the  Hordwell  species,  by  Prof.  Huxley,*  no  further  additions  to  the 
literature  of  the  subject  seem  to  have  been  made  since  the  ap- 
pearance of  this  classical  memoir ;  and  the  subsequent  discoveries  of 
crocodilian  remains  in  the  same  beds  have  apparently  afforded  no 
evidence  of  any  new  specific  form. 

Among  the  Sheppey  fossils,  two  species  are  indicated  not  merely 
by  the  skulls,  but  also  by  numerous  portions  of  the  vertebral 
column  ;  there  is,  however,  no  very  definite  information  as  yet  con- 
cerning the  rest  of  the  skeleton,  and  isolated  fragments  of  limb-bones 
and  dermal  scutes  are  the  only  remains  hitherto  forthcoming  for 
study.  To  one  of  these  species  Sir  Richard  Owen  gives  the  name 
of  G,  Toltapicus,  regarding  a  fine  skull  and  mandible  in  the  British 
Museum  as  the  type ;  and  describes  the  second  species  as  C.  champ* 
soides,  upon  the  evidence  of  another  cranial  fossil,  likewise  preserved 
in  the  National  Collection.  In  regard  to  Buckland's  0.  Spenceri, 
founded  in  1836,  the  Professor  displays  some  hesitation,  and  eventually 
declines  to  recognize  the  priority  of  the  name  by  expressing  doubts  as 
to  the  possibility  of  determining  the  precise  relationship  of  Spencer's 
less  perfect  fossil  to  the  more  complete  specimens  under  description.^ 

A  series  of  crocodilian  vertebrae,  obtained  by  Mr.  Frederic  Dixon, 
from  the  Lower  Eocenes  of  Bognor,  Sussex,  probably  belongs  to 
C.  Toliapicus,  Owen  ;*  and  science  is  indebted  to  the  labours  of  the 
same  indefatigable  investigator  of  Sussex  fossils  for  the  discoveiy 
of  undoubted  fragments  of  a  Gavial  in  the  Bracklesham  Beds.  Sir 
Richard  Owen  ^  has  described  the  latter  under  the  name  of  Gavialis 

1  G.  Cuvier,  "  Ossemens  Fossiles,'*  2nd.  edit.  (1824),  toI.  t.  pt  ii.  p.  166. 

*  Eev.  W.  Buckland,  **G©oL  and  Min."  2nd  edit.  (1837),  vol.  i.  p.  261 ;  toI.  iL 
p.  36,  pi.  26',  fig.  1. 

'  R.  Owen,  '*  Monograph  of  the  Fossil  Beptilia  of  the  London  Clay,**  Part  II. 
(Mon.  Pal.  Soc.,  1860). 

*  T.  H.  Huxley,  "On  the  Dermal  Armour  of  Croeodilut  EaMtingtia,*^  Quart 
Joum.  Geol.  Soc.  vol.  xv.  (1869),  pp.  678-680, jpl.  xiv. 

^  On  this  curious  method  of  solving  the  dimoulty,  see  the  remarks  of  Dr.  L^n 
Yaillant,  '*  Etude  zoologique  sur  les  Crocodiliens  tossiles  tertiaires  de  St.-G6ritnd  le 
Puy,''  fiiblioth.  I'Ecole  Hautes  Etudes,  vol  vL  pp.  10,  11.  It  may  be  added,  that 
this  memoir  contains  valuable  information  respecting  European  Tertiary  Crocodilia 
described  before  its  date  of  publication  (1872). 

«  R.  Owen,  **Mon.  Foes.  Rept.  Lond.  Clay,'*  pt.  ii.  p.  36.  See  also  Dizon*8 
**  Geology  of  Sussex,"  1st  edit.  p.  207,  pi.  xv.  figs.  I,  2  ^2nd  edit.  p.  263,  pi.  xt. 
figs.  1,  2),  in  which  Sir  Richard  Owen  names  it  •*  6*.  Spenceri,  Buckland.'* 

^  R.  Owen,  op,  eit,  p.  46,  pi.  x.  Also  F.  Dixon,  op.  at,  Ist  edit.  p.  208  (2nd 
edit.  p.  263). 
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Dlxoni,  founding  the  Bpecies  upon  portions  of  the  mandible  and 
teeth,  and  provisionally  associating  with  these  a  slender  femur  and 
▼ertebrsB. 

But  the  most  completely  known  of  British  Eocene  forms  is  the 
Crocodilus  Hastingsim,  Owen,*  of  which  the  more  or  less  perfect 
remains  occur  abundantly  in  certain  horizons  in  the  Hordwell  Cliffs, 
Hampshire.  With  the  exception  of  the  characters  of  the  limb-bones 
and  scutes,  the  osteology  of  this  species  was  very  fully  made  known 
in  Sir  Hichard  Owen's  monograph ;  ^  and  the  dermal  armour  has 
been  subsequently  described  by  Prof.  Huxley.'  As  the  result  of 
these  studies,  there  appears  to  be  almost  decided  proof  that  only  a 
single  crocodilian  form  occurs  in  the  Hordwell  Beds,  and  that  Searles 
Wood's  Alligator  Hanioniensis  ^  is  thus  merely  a  variety.'  C.  Hast- 
ingsicBf  indeed,  combines  the  characters  both  of  Crocodiles  and 
Alligators  to  a  remarkable  extent;  and  it  also  possesses  some  features 
that  would  quite  entitle  it  to  rank  as  a  distinct  genus,  were  it  con- 
sidered desirable  to  recognize  as  such  certain  early  procoelian  types 
BO  distinguished  in  North  America. 

None  of  the  British  Ek>cene  species  appear  to  have  received  further 
elucidation  by  discoveries  on  the  Continent,  and  the  writer  has  only 
succeeded  in  meeting  with  one  case  in  which  a  foreign  form  is 
identified  with  a  species  previously  described  in  Britain.  This  is 
Pictet's  doubtful  reference  of  some  fragmentary  fossils  from  the 
Swiss  Eocenes  to  Crocodilus  HasiingsuBt  Owen.' 

With  the  close  of  Eocene  times,  the  history  of  the  Crocodilia  in 
British  areas  seems  to  have  ended ;  and  the  latest  species  yet  recorded 
in  Eni*ope  appears  to  be  that  mentioned  by  Glervais  ^  as  found  in  the 
Pliocenes  of  Montpellier,  France. 

Besides  the  descriptive  works  already  referred  to,  the  English 
literature  of  the  subject  also  comprises  some  valuable  general  studies, 
and  in  the  foremost  rank  may  be  placed  Prof.  Huxley's  now  classical 
memoir  on  the  Evolution  of  the  Crocodilia,  read  before  the  Geo- 
logical Society  in  1875.'  The  well-known  division  of  the  order  into 
the  three  sub-orders  of  Pakasuohia,  Mesosuohia,  and  Eusuohia,  is 
here  first  proposed,  and  appears  to  have  met  with  almost  universal 

^  R.  Owen,  '*  On  the  Fossils  obtained  by  the  Harchionem  of  Hastings  from  the 
Freshwater  Eocene  Beds  of  the  Hordle  Cliffs,"  Brit.  Assoc.  Rep.  1847,  Trans. 
Sections,  p.  66. 

'  R  Owen,  op,  eit,  pp.  37-42,  pis.  vi.-ix. ;  xii.  figs.  2,  6. 

*  T.  H.  Huxley,  paper  aheadj  cited,  in  Qnart.  Jonm.  Geol.  Soc.  vol.  xv. 

*  Searles  V.  Wood,  "  On  the  Discovery  of  an  Alligator  and  of  several  new 
Mammalia  in  the  Hordwell  Cliff,"  Charlesworth's  '*  London  Geological  Journal," 
1846,  p.  6,  pis.  1,  6,7. 

^  It  is  interesting  to  notice  that  Prof.  Cope  has  described  a  curious  specimen  of  a 
South  American  Aliigat^T,  in  which  the  lower  **  canine  *'  on  one  side  fits  into  a  notch, 
while  on  the  other  nie  corresponding  tooth  is  received  in  a  pit  (Trans.  Amer.  Phil. 
Soc.  vol.  xiv.  1869,  p  83). 

*  F.  J.  Pictet,  "Paleontologie  Suisse. — ^Vert6br6s  de  la  Faune  6oc^ne,"  p.  89, 
pi.  viL 

"^  P.  Gervais,  **  Zoologie  et  Pal^ontologie  francaises,*'  2nd  edit.  (1859),  p.  443. 
pi.  lix.  fig.  2 ;  pi.  Ivii.  fig.  7. 
8  Quart.  Joum.  Geol.  Soc.  voL  xxxi.  pp.  423-438,  pi.  xix. 
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acceptance.  Sir  Richard  Oweu,  also,  has  oontribated '  two  interest- 
ing papers  apon  considerations  suggested  by  bis  researches  on  the 
Dwarf  Crocodiles  of  Swanage,  and  the  reading  of  the  first  before  the 
Geological  Society,  in  1878,  was  followed  by  an  important  and 
lengthy  discussion.  The  same  distinguished  palaeontologist,  so  long 
ago  as  1858,'  also  published  an  outline  of  the  osteol(^y  of  the 
Teleosanrian  skull;  and  more  recently,  Prof.  H.  G.  Seeley*  has 
succeeded  in  elucidating  some  of  the  main  features  of  the  brain  in 
that  extinct  group. 

In  conclusion,  without  attempting,  as  yet,  to  enter  into  the  raerits 
of  the  various  specific  types  that  have  been  described  by  different 
authors,  it  will  perhaps  be  useful  to  arrange  our  present  knowledge 
of  the  subject  in  tabular  form,  and  the  accompanying  extensive  scheme 
is  accordingly  appended.  (See  folding  Table,  next  p.  508.)  Thoee 
names  that  may  be  regarded  as  synonyms  on  the  evidence  of  existing 
literature  have  an  asterisk  prefixed  to  them,  and  in  the  case  of 
species  founded  on  Continental  fossils,  the  particulars  inserted  in  the 
columns  following  the  name,  refer  to  the  date  of  identification,  nature 
of  the  first  recognized  example,  etc.,  of  the  British  representatives. 

V. — On  the  Ftnnon  Bbuno  and  Cae  Gwtn  Bone  Caves, 

North  Wales.* 

By  H.  HiOKB,  M.D.,  F.B.S.,  F.G.S. 

IN  the  Proceedings  of  the  Geol.  Assoc,  vol.  ix.  No.  1,  I  have 
given  an  account  of  the  discovery  of  two  Bone-caves  in  the 
Carboniferous  rocks  on  the  east  side  of  the  Vale  of  Clwyd,  N.  Wales, 
and  of  the  researches  carried  on  in  those  caverns  by  Mr.  E.  Bouverie 
Luxmoore,  of  St  Asaph,  and  myself  in  the  summers  of  1883  and  1884. 
This  summer,  by  the  aid  of  a  grant  from  the  Royal  Society  (the 
Government  Grant),  we  were  enabled  to  employ  a  staff  of  workmen, 
under  our  personal  supervision,  to  explore  these  caverns  more 
thoroughly  and  with  very  satisfactory  results.  Our  main  object  was 
to  gain  a  clear  idea  of  the  physical  conditions  of  the  area  when  the 
caverns  were  filled  with  the  deposits,  and  of  the  manner  in  which  the 
remains  had  been  conveyed  into  them.  These  points  we  think  we 
have  been  able  to  prove  to  satisfaction,  but  it  may  be  advisable  to 
continue  the  researches  for  the  purpose  of  obtaining  as  much  con- 
firmatory evidence  as  possible. 

In  the  Cae  Otcyn  Cavern  all  the  deposits  were  entirely  undisturbed 
except  by  burrowing  animals  when  we  first  discovered  it,  and  great 
care  was  taken  throughout  to  notice  the  conditions  of  the  materials. 

'  R.  Owen,  "  On  the  Influence  of  the  Advent  of  a  higher  Form  of  Life  in  modi- 
fying the  Structure  of  an  older  and  lower  Form,"  Quart.  Joum.  Geol.  Soc.  rol. 
xxxiv.  (1878),  np.  421-430;  also  **  On  the  Association  of  Dwarf  Crocodilea 
(Nannoauehus  ana  Theriomchu*  pusillus^  e.g.)  with  the  Diminutive  Mammals  of  the 
Purheck  Shales,*'  ibid.  vol.  ixxv.  (1879),  pp.  148-156,  pL  ix. 

'  Portion  of  lecture  delivered  on  April  29th,  1858,  reported  in  Ann.  and  Mag.  Nat. 
Hist.  [31  vol.  i.  pp.  466-463. 

>  H.  G.  Seeley,  "  On  the  Cranial  Characters  of  a  large  Teleosaur  from  the  Whithy 
Xias,**  Quart.  Joum.  Geol.  Soc.  vol.  xxxvi.  (1880),  pp.  627-634,  pi.  xxiv. 

^  Read  before  the  Geological  Section  (C)  of  the  British  Association,  Aberdeen, 
September,  1885. 
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The  deposits  in  this,  oavera  ooneisted  first  of  a  reddish  olayey  earth, 
varying  in  depth  from  two  to  foar  feet.  Below  this  was  found  a 
more  eompaot  deposit,  about  18  inches  in  thickness,  made  up  of  thin 
layers  of  fine  marly  clay,  and  nnder  this  the  material  containing 
the  bones.  This  material  consisted  of  a  reddish  clay  with  sand  in 
places,  and  contained  many  boulders  similar  to  those  found  in  the 
the  Boulder-clays  of  the  district  Large  fragments  of  a  stalagmite 
floor  and  of  stalactites  occurred  also  in  it,  showing  that  the  water  action 
which  disturbed  the  original  materials  in  the  cave  must  have  been 
of  a  violent  nature.  Under  this  was  found  a  gravelly  deposit, 
containing  fragments  mainly  from  the  hills  above  and  no  bones. 
In  this  cavern  the  deposits,  except  the  lowest,  have  now  been 
cleared  out  to  a  distance  from  the  entrance  of  over  150  feet.  It 
is  for  the  most  part  a  true  tunnel  cavern,  with  well-smoothed 
roof  and  sides.  The  largest  chamber  has  just  been  reached  at  a  little 
over  150  feet  from  the  entrance.  It  is  over  11  feet  in  length  and 
9  feet  in  height  The  other  chambers  are  small,  being  mainly 
dilatations  of  the  tunnel,  which  varies  from  3  to  9  feet  in  width. 
Extending  from  a  small  chamber  about  45  feet  from  the  entrance 
there  is  another  branch  tunnel  which  has  been  explored  to  a  distance 
of  about  16  feet 

The  bones  discovered  in  this  cavern,  according  to  Mr.  W.  Davies, 
F.O.S.,  of  the  British  Museum,  to  whom  all  the  bones  found  in 
both  caverns  have  been  submitted,  belong  to  the  Lion,  Hycena,  Bear, 
Badger,  Wolf,  Fox,  Great  Irish  Deer,  Reindeer,  Bed  Deer,  Roebuck, 
Rhinoceros  and  Horse.  A  flint  scraper  was  also  found  last  year  in 
association  with  the  remains  at  a  distance  of  45  feet  from  the  entrance. 

The  Fynnon  Beuno  Cavern  is  partly  a  fissure  and  partly  a  tunnel- 
cavern.  From  the  entrance  inwards  for  a  distance  of  about  40  feet 
it  is  a  true  tunnel-cavern,  and  there  is  a  branch-tunnel  extending 
frotn  this  for  a  further  distance  of  over  50  feet,  ultimately  opening 
out  on  the  hill-side  above  the  main  entrance.  Another  tunnel  com- 
municates with  an  extensive  fissure  cavern  which  had  evidently 
been  disturbed  at  some  time  by  mining  operations  (though  I  could 
obtain  no  information  as  to  when). 

In  the  undisturbed  parts  of  this  cavern  the  deposits  were  of 
similar  character  to  those  in  the  Cae  Gwyn  Cave.  This  cavern, 
however,  being  for  some  extent  an  open  cavern,  had  probably 
been  inhabited  in  Neolithic,  or  perhaps  later  times,  as  a  quantity 
of  charcoal  was  found  at  two  points  at  distances  of  from  20  to  24 
feet  from  the  entrance.  Several  well-worked  flint  flakes  were 
found  at  di£ferent  points  in  this  cavern,  in  association  with  bones 
of  the  Mammoth,  Rhinoceros,  eta  Dr.  Evans  recognized  them  as  of 
the  type  of  the  wrought  flakes  found  in  Kent's  Cavern,  they  are 
white  and  porcellanous,  and  show  indications  of  having  been  used, 
but  not  rolled  by  water  action.  Worked  bones  and  others  broken  by 
man  were  also  found.  The  bones  were  exceedingly  plentiful  in  the 
cavern,  and  showed  indications  of  having  been  gnawed  freely,  evi- 
dently when  in  a  fresh  condition,  hence  proving  clearly  that  they 
had  been  conveyed  into  the  cavern  soon  after  the  animals  had  died* 
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Some  album  gracum  was  also  found  in  each  of  the  caverns,  therefore 
the  evidence  points  conclusively  to  their  having  been  dens  occupied 
by  beasts  of  prey.  I  think  we  are  quite  justified  also  in  supposing 
from  the  positions  of  the  flakes  and  worked  bones,  that  the  caverns 
were  occupied  by  man,  or  at  least  that  the  district  was  inhabited  by 
man  when  the  Mammoth,  Rhinoceros,  Reindeer,  Hyaena,  etc.,  roamed 
about  the  area.  The  bones  found  in  this  cavern  belonged  to  the 
following  animals,  viz.  Lion,  Wild  Cat,  HysBua,  Bear,  Wolf,  Fox, 
Wild  Boar,  Great  Irish  Deer,  Reindeer,  Red  Deer,  Roebuck,  Bos, 
Mammoth,  Rhinoceros,  and  Horse.  The  remains  were  much  more 
plentiful  in  the  Fynnon  Beuno  than  in  the  Cae  Gwyn  Cave.  Among 
the  specimens  found  in  the  two  caverns,  there  were  over  80  jaws 
belonging  to  various  animals,  and  more  than  1300  loose  teeth,  in- 
cluding about  400  Rhinoceros,  15  Mammoth,  180  Hysena,  and  500 
Horse  teeth.  Other  bones  and  fragments  of  bones  occurred  also  in 
very  great  abundance. 

As  these  caverns  are  over  400  feet  above  present  sea-level,  and 
nearly  800  feet  above  the  river  Clwyd  (the  height  given  in  my  paper 
to  the  Geologists'  Association  was  understated),  it  is  clear  that  very 
great  physical  changes  must  have  taken  place  in  this  area  since  the  time 
that  the  marine  sand  was  conveyed  into  these  caverns.  The  broken 
stalagmite  floor,  sometimes  10  to  12  inches  in  thickness,  and  the 
broken  stalactites  6  to  8  inches  across,  show  that  the  water  action 
must  have  been  also  of  a  violent  nature.  The  position  of  the  bones 
in  some  places  under  still  adherent  parts  of  this  stalagmite,  and  the 
presence  of  marine  sand  in  the  hollow  parts  of  the  bones  show  that 
the  bones  must  have  been  in  the  caverns  before  the  sea  finally 
receded  from  them.  The  presence  also  of  a  material,  in  every 
respect  like  the  Boulder-clay  of  the  district  filling  up  the  caverns, 
points  to  the  probability  that  the  so-called  Upper  Boulder-clays  of 
this  district  were  deposited,  for  the  most  part  at  the  time,  or  subse- 
quent to  the  infilling  of  these  caverns.  Along  the  hill-sides  in  the 
ravine  in  which  the  caverns  are  situated,  sands  and  clays  similar  to 
those  found  in  the  caverns,  and  containing  marine  shells,  are  found 
at  about  the  same  horizon,  and  in  the  hills  to  the  S.E.  at  much 
greater  elevations. 

Cae  Gwyn  Cave  is  over  60  feet,  and  Fynnon  Beuno  42  feet  above 
the  level  of  the  little  stream,  a  tributary  of  the  Clwyd,  in  the  ravine 
in  which  they  are  situated.  These  facts  suggest  the  following  as  the 
probable  changes  indicated  by  the  deposits  in  the  caverns.  The 
lowest  deposit  in  the  caverns  consisting  almost  entirely  of  local 
materials,  was  introduced  into  them  by  the  river  which  then  flowed 
in  the  valley  at  a  very  much  higher  level  than  at  present  As  time 
went  on  the  vaUiJr  deepened  and  the  caverns  were  above  the  reach 
of  the  floods.  They  then  became  the  abode  of  Hyaenas  and  other 
beasts  of  prey,  and  during  part  of  the  time  were  probably  occu- 
pied by  man.  Subsequently  there  was  a  period  of  great  sub- 
mergence, and  when  the  caverns  were  on  a  level  with  the  sea,  they 
were  filled  with  sandy  material  and  the  bones  were  embedded  in  it 
The  following  are  the  results  which  have  to  be  accounted  for : — 
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A,  The  infilling  of  the  caverns  by  local  gravels.  B,  The  occupation 
of  the  caverns  by  beasts  of  prey  and  by  man.  0.  llie  formation  of 
the  stalagmite.  2>.  The  breaking  up  of  the  stalagmite  floor,  and  the 
introduction  of  the  Boulder- clay.  The  position  of  the  caverns  almost 
at  the  crest  of  a  ridge  of  Carboniferous  rocks  makes  it  clear  that  the 
Boulder-clay  could  not  have  bt*en  introduced  by  streams ;  therefore 
the  only  conclusion  1  can  arrive  at  is,  that  during  a  period  of 
great  submergence,  either  during  or  subsequent  to  the  Glacial  epoch, 
the  material  was  introduced  by  marine  action.  Also  that  this  sub- 
mergence, and  the  subsequent  elevation  of  the  submerged  area  to  its 
present  height  of  over  400  feet  above  sea-level,  must  undoubtedly 
have  taken  place  since  the  caverns  were  occupied  by  man  and  by  the 
extinct  animals. 


VI. — On  some  Bkoent  Eabthquakbs  on  the  Durham  Coast  and 

THEIK   PbOBABLE   CaUSB.' 

By  G.  A.  Lbboub,  M.A.,  F.G.S., 
Professor  of  Geology  in  the  Durham  College  of  Science,  Newcastle-apon-Tyne. 

SINCE  the  latter  end  of  1883  up  to  the  present  time  (Sept  1885) 
the  inhabitants  of  certain  portions  of  the  town  of  Sunderland 
have  been  much  disturbed  by  a  series  of  small  but  distinctly  sensible 
earth-shakes,  which  have  caused  considerable  discussion  in  the  local 
press  and  elsewhere.  These  shocks  were  chiefly  felt  in  that  quarter 
of  the  town  known  as  the  Tunstall  Boad,  but  were  not  absolutely 
limited  to  that  locality.  They  were  accompanied  by  rumblings — 
sometimes  dull  but  often  loud — by  the  rattling  of  crockery  and 
furniture,  and  frequently  by  very  distinct  shakes  of  the  entire  frame- 
work of  buildings.  Often  the  shocks  have,  at  night,  waked  up  and 
terrified  the  sleeping  inhabitants. 

The  probable  origin  of  these  disturbances  has  naturally  been  much 
canvassed,  and  blasting  in  quarries,  shot-firing  in  collieries,  and  the 
passing  of  railway  trains,  have  in  turn  been  accused  of  causing  them, 
and,  on  examination,  have  been  found  *'  not  guilty."  At  the  present 
time  there  is  no  doubt  whatever  that  the  shocks  are  due  to  some 
natural  cause.  As  to  what  that  natural  cause  may  be,  there  is  per- 
haps room  for  difference  of  opinion. 

My  friend,  Mr.  M.  Walton  Brown,  of  the  Coal-trade  Offices  at 
Newcastle-upon  Tyne,  in  a  paper  read  in  1884  before  the  North  of 
England  Institute  of  Mining  and  Mechanical  Engineers,  refers  to  the 
Sunderland  shocks  as  being  genuine  earth-tremors  ;  but  I  think  that 
their  extremely  local  character — setting  aside  many  other  points 
inconsistent  with  this  view  of  their  origin — is  conclusive  against 
this  being  so. 

In  another  paper  read  at  the  same  time  as  Mr.  Walton  Brown's 
before  the  same  Institute,  I  brought  forward  a  number  of  facts 
tending  to  connect  the  phenomena  above  referred  to  with  certain 
peculiarities  in  the  geological  structure  of  the  district     Since  that 

^  Read  before  the  Geological  Section  (C)  of  the  British  Association,  Aberdeen, 
September,  1885. 
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time  the  shoolce  having  oon tinned  more  or  less  continnonsly,  and 
evidenoe  of  all  kinds  with  regard  to  them  having  accumulated,  I 
wish  to  lay  my  more  mature  views  on  the  subject  before  Section  C, 
in  the  hope  that  members  in  discussing  them  may  help  to  elicit  the 
truth. 

Sunderland  stands  upon  the  Permian  Magnesian  Limestoni^. 
There  is  from  300  to  400  feet  of  this  rock  beneath  the  town.  This 
rock  is  riddled  with  cavities  of  every  size  and  shape.  The  smaller 
ones  give  a  vesicular  aspect  to  the  stone  in  many  places,  but  the 
larger  ones  are  often  true  caverns  due  to  the  combined  action  of 
mechanical  and  chemical  agencies,  lilany  of  them  may  be  accounted 
for  by  noting  how  frequently  masses  both  large  and  small  and  of 
all  shapes  of  soft  pulverulent  matter  occur  in  the  midst  of  the  most 
compact  and  hard  portions  of  the  limestone.  How  easily  such  soft 
incoherent  earthy  rock  or  "  Marl  *'  as  it  is  called  locally,  can  be 
removed  by  the  merest  percolation  of  rain-water,  needs  no  proof,  and 
that  caverns  would  result  and  have  resulted  from  such  removal  is 
clear.  This  action  is  indeed  chiefly  mechanical,  but  there  is  also 
going  on  at  the  same  time  a  very  considerable  destruction  or  removal 
of  rock  by  the  ordinary  chemical  action  of  rain-water  on  limestone. 
I  have  shown  elsewhere  that  every  thousand  gallons  of  Sunderland 
water  pumped  up,  and  ultimately  thrown  into  the  sea,  represents  one 
pound  of  stone  abstracted.  In  each  year  the  Water  Company  robs 
the  Magnesian  Limestone  in  this  manner  of  about  forty  cubic  yards 
of  rock,  and  of  course  much  more  is  carried  off  annually  by  natural 
channels.  How  large  some  of  the  cavities  are  which  form  water- 
cisterns  in  this  rock  may  be  gathered  from  the  fact  that  when  in 
sinking  a  shaft  at  Whitburn  Colliery  in  1874,  one  of  them  was 
unfortunately  tapped,  it  yielded  11,612  gallons  of  water  per  minute 
for  a  month. 

The  rock  then  immediately  underlying  Sunderland  is  a  mass  of 
calcareous  stone,  mostly  haid  and  compact,  but  cellular  in  places 
and  earthy  and  friable  in  others,  often  cavernous  on  a  large  scale, 
full  of  water,  and  through  its  action  continually  parting  with  its  sub- 
stance, and  thus  enlarging  the  cavities  within  it. 

Under  conditions  such  as  these,  it  follows  necessarily  that  the 
vaults  of  cavities  must  from  time  to  time  give  way,  and  in  col- 
lapsing, produce  concussions  accompanied  by  noise,  but  limited  in 
the  area  over  which  their  effects  would  be  felt  In  short  it  seems  to 
me  that  we  have  in  such  natural  stone-falls  at  moderate  depths  a 
sufficient  explanation  of  the  Sunderland  earth -shocks. 

In  the  paper  before  alluded  to  I  pointed  out  that  this  theory 
explains  equally  well  all  the  facts  connected  with  the  singular 
fissures  full  of  breccia  ("  breccia-gashes**)  which  are  common  in  the 
Magnesian  Limestone  of  Durham,  and  have  been  a  standing  puzzle 
to  Lyell,  Sedgwick  and  all  the  geologists  who  have  published 
accounts  of  the  magnificent  sections  exhibited  along  tbe  coast  between 
South  Shields  and  Sunderland. 

Quite  recently  very  similar  shocks  have  been  felt,  as  I  am  in- 
formed, in  the  neighbourhood  of  Middlesborough,  where  it  is  pro- 
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bable  that  tbey  are  dne  to  the  withdrawal  of  rock-salt  which  has 
been  going  on  there  of  late  years  only.  In  this  case  the  depth  at 
which  the  cavities  are  being  formed  and  rock-collapses  are,  as  I 
believe,  taking  place,  is  mach  greater  than  in  the  Sunderland  case, 
the  borings  for  salt  being  from  1000  to  1200  feet  deep. 

I  will  conclude  with  a  quotation  from  my  paper  on  the  Breccia- 
gashes,*  p.  174: — "The  forms  of  these  gashes,  which  are  gullet- 
shaped  and  tapering  downwards,  unlike  the  sea-caves ;  the  breccia 
vnth  which  they  are  filled ;  the  matter  with  which  the  fragments 
are  cemented  ;  the  half-broken  beds  which  so  often  bridge  over  the 
tipper  portions  of  the  fissures ;  and  the  unbroken  beds  immediately 
above  and  below  them,  which  would  be  inconceivable  had  the 
fissures  and  their  infillings  been  due  to  real  earthquakes.  All  these 
things  are  necessary  accompaniments  of  the  rock-collapses  which,  it 
has  been  shown,  must  in  time  past  have  happened  frequently,  are 
happening  still,  and  must  happen  more  and  more  frequently  in  the 
future." 


3SrOTIOES      OiF      l^lCSnJLOX-JEt^. 


I. — ^British    Association    foe    the    Advancement    of    Science. 
Fifty- FIFTH  Meeting,  Aberdeen,  1886. 

List  of  titles  of  papers  bearing  upon  Geoloey  and  Palseontologj  read  in  other 
Sections  of  the  Association  than  in  Section  C  (Geology). 

Section  A. — ^Mathematical  and  Physical  Science, 

Eeport  of  the  Committee  on  Underground  Temperature. 

Report  of  the  Committee  on  Meteoric  Dust. 

C  Meidrum, — A  Tabular  Statement  of  the  Dates  at  which  and  the 

Localities  where   Pumice  or  Volcanic  Dust  was  seen  in  the 

Indian  Ocean. 
Prof,  Ewtng, — On  Measurements  of  Movements  of  the  Ground. 
H.  B,  Mills, — Physical  Condition  of  Water  in  Estuaries. 

Section  B. — Chemical  Science. 
Prof,  W.  Irwin  Macadam, — Description  of  a   Mineral  from   Loch 

Bhruithaie,  Inverness-shire. 
F.  Maxwell  Lyte, — On  the  use  of  Sodium  or  other  Soluble  Aluminates 

for  Softening  and  Purifying  hard  and  impure  Water. 

y 

Section  D. — Bioloot. 

Prof,  0,  C,  Marsh, — On  the  Size  of  the  Brain  in  Extinct  Animals. 

Prof.  E,  Hull.  —  On  the  Cause  of  the  Extreme  Dissimilarity 
between  the  Faunas  of  the  Red  Sea  and  Mediterranean,  not- 
withstanding their  recent  connection. 

Prof.  E.  Htdl—On  the  Origin  of  the  Fishes  of  the  Sea  of  Galilee. 

Dr.  Macfarlane. — On  a  Microscopio  Fungus  in  Fossil  Wood,  from 
Bowling. 

1  See  Trans.  N.  £.  Inst  Min.  Eng.  vol.  xxzii.  (1884),  where  full  references  to 
most  of  the  writers  who  hare  noticed  tne  hreccias  are  giyen. 
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SeOTIOV  E. — OCOORAPHY. 

J.  T.  Buchanan, — Ooeanio  Islands  and  Shoals. 
Gen.  Sir  B.  Lefroy, — On  the  Depth  of  the  Permanently  Frozen 
Stratum  of  Soil  in  British  North  Amerioa. 

Seotiom  G. — Meohanioal  Soienge. 
IF.  Smith, — ^The  Movement  of  Sand  in  Aberdeen  Bay. 

Skotion  H. 
Thomas  Wilson, — A  New  Man  of  Mentone. 
W,  Pengelly — Happaway  Cavern,  Torquay. 
Dr,  J.  G,  Garson. — The  Human  Remains  found  in  Happaway  Cavern, 

Torquay. 
Dr,  B,  Munro, — The  Archsdological  Importance  of  Ancient  British 

Lake-Dwellings  and  their  Relation  to  analogous  Bemaina  ia 

Europe. 

Papers  bead  before  Section  C  (Qeology). 
n. — On  the  Average  Density  of  Meteobitss  compared  with 

THAT  OF  THE  EaBTH. 
By  the  Bey.  £.  Hill,  M.A.,  St.  John's  College,  Cambridge. 

THE  mean  density  of  the  earth,  though  not  yet  exactly  deter- 
mined, is  certainly  ahout  twice  the  average  density  of  the 
rocks  which  compose  its  superficial  crust.  One  conjecture  which 
very  naturally  follows  from  this  fact  is  that  the  constituents  of  it« 
interior  may  essentially  differ  from  the  constituents  of  that  crust 
Professor  Judd  in  his  treatise  on  Volcanoes  has  alluded  to  this,  and 
brings  forward  in  addition  the  argument  that  materials  are  occasion- 
ally brought  from  below  to  the  surface  which  resemble  the  materials 
of  meteorites ;  bodies  which  generally  have  a  high  specific  gravity 
and  sometimes  consist  entirely  of  iron.^  The  thought  has  occurred 
to  me  that  it  would  be  interesting  to  ascertain  the  average  specific 
gravity  of  meteorites,  in  order  to  estimate  what  would  be  the  density 
of  a  body  formed  by  the  aggregation  of  a  multitude  of  such  objects. 

To  conduct  such  an  investigation  properly  would  involve  enormous 
labour  of  research,  and  I  have  contented  myself  by  using  the 
materials  furnished  by  Dr.  Walter  Flight's  most  valuable  "Chapters 
on  Meteorites,"  published  in  the  Geological  Magazine,  during  the 
years  1875,  1882,  and  1883.  From  those  chapters  I  have  obtained 
the  specific  gravities  of  sixty -five  different  meteoric  masses  there 
described.  The  mean  of  these  values,  found  by  addition  and  division 
by  66,  gives  as  result  4*84. 

This  method  of  obtaining  the  mean  will  be  correct,  if  the  various 
sizes  were  equally  distributed  through  each  of  the  different  specific 
gravities.  This  would  be  rather  a  rash  assumption,  and  it  may 
seem  fairer  to  bring  into  account  the  different  masses  of  the  specimens. 
From  Dr.  Flight's  papers,  with  some  other  materials,  I  have  found 
fifty-seven  cases  in  which  both  weight  and  specific  gravity  are 
recorded.  Taking  the  sum  of  the  weights,  the  sum  of  the  corre- 
sponding volumes,  and  dividing,  we  obtain  as  final  result  a  specific 
gravity  of  5'71. 

»  '*Volcaiioefl,"p.  320. 
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But  in  this  enameration  is  included  the  great  Cranboume  meteorite, 
which  weighs  3^  tons,  and  exceeds  all  the  rest  put  together.  A 
mass  so  great  swamps  the  rest,  and  makes  the  calculation  unsatis- 
factory, {Wording  at  best  a  maximum  limit  Several  others  are  very 
large.  Suppose  we  exclude  all  over  250  lbs.  There  remain  fifty- 
two  cases,  and  the  above  process  applied  to  these  yields  as  result  a 
specific  gravity  of  4*58. 

I  have  tried  yet  another  method.  I  have  seen  somewhere  a  state- 
ment that  in  the  British  Museum  are  specimens  of  260  meteorites, 
of  which  65  are  metallic.  Now  it  becomes  obvious  on  tabulating 
the  specific  gravities  that  the  vast  majority  are  either  metallic  with 
specific  gravities  lying  between  7  and  8,  or  stony  with  specific 
gravities  between  8  and  4.  Separating  the  57  oases  previously 
alluded  to  into  these  two  groups,  and  finding  the  respective  average 
specific  gravity  by  the  second  method,  the  results  are  7*61  and  3*78. 
From  55  specific  gravities  of  7*61  and  205  of  3*78,  we  get  an  average 
of  4'55.  This  method  is  open  to  the  objections  made  against  the 
first,  but  in  a  slightly  less  d^ree  from  Uie  larger  numbers  dealt 
with. 

It  is  probable  that  metallic  masses  more  readily  attract  attention 
than  stony  meteorites,  but  on  the  other  hand  some  appear  to  decay 
very  rapidly.  Thus  it  does  not  seem  possible  to  say  that  either 
class  has  a  better  chance  of  obtaining  admission  to  our  calculations ; 
or  a  preponderating  infiuence  on  the  results.  We  may  say,  therefore, 
as  a  general  result,  that  an  assemblage  of  such  meteoric  masses  as 
fall  upon  the  earth,  if  collected  from  space  indiscriminately  and 
aggregated  into  a  single  mass,  would  form  a  body  whose  specific 
gravity  would  probably  lie  between  4*5  and  5*7,  so  long  as  its  dimen- 
sions were  moderate. 

Such  a  body,  however,  if  it  grew  to  be  of  planetary  size,  might 
become  denser  from  the  pressure  due  to  its  own  attraction.  How 
much  denser  we  cannot  say.  But  since  water  has  been  compressed 
by  T*rth  of  its  bulk  under  a  pressure  of  2000  atmospheres  (Ency. 
Brit,  art  Elasticity),  and  a  like  pressure  would  be  experienced  at 
a  depth  of  about  four  miles  of  the  earth's  crust,  at  least  as  much 
may  be  expected  in  such  an  aggregated  mass.  Such  a  compression 
would  raise  even  the  lowest  of  the  above  results,  viz.  4*5,  to  4-9. 
And  twice  the  compression  would  raise  it  to  5*4.  Now  5*6  is  the 
value  usually  adopted  as  the  best  estimate  of  the  specific  gravity 
of  the  earth.  The  density  of  the  earth  is,  therefore,  perfectly 
consistent  with  its  being  an  aggregation  of  meteoric  materials. 
Whether  we  regard  meteorites  as  fragments  of  a  planet,  as 
condensations  of  cometary  matter,  or  as  self-existent  bodies,  they 
are  certainly  specimens  of  matter  scattered  widely  over  the  solar 
system,  and  may  very  possibly  be  fair  samples  of  its  materials. 
And  small  as  is  the  catalogue  even  of  all  we  know,  they  contain  all 
the  most  important  constituents  of  the  earth's  crusty  and  even  of  its 
soil. 

If  the  earth  be  an  aggregate  of  meteoric  materials,  so  must  be  the 
other  planets.    Now  the  densest  of  these  is  Mercury  with  a  specific 
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gravity  about  6*3 ;  Yenas  is  aboat  the  same  as  the  Earth ;  and  Mars 
somewhat  less.  All  these  specific  gravities  are  perfectly  oonsistent 
with  such  an  origin.  The  others  are  very  much  lighter,  ranginf^ 
down  to  Saturn  with  a  specific  gravity  of  about  0*7.  But  high 
temperature  and  gaseous  envelopes  may  have  much  to  do  with  iheee 
apparent  low  densities :  a  cloudy  envelope  which  shoald  extend  to 
one-fourth  of  the  radius  would  halve  the  estimate  of  density.  The 
fact  that  seems  most  seriously  discordant  with  the  hypothesis  is  the 
low  specific  gravity  of  the  Moon,  which  is  estimated  at  only  8  6. 
But  this  at  any  rate  is  about  the  specific  gravity  of  the  "  stony  " 
group  of  meteorites.  And  we  may  compare  the  fact  that  the  super- 
ficial crust  of  the  earth,  and  also  some  meteoric  constituents,  have 
lower  specific  gravities  still.  We  naturally  expect  the  lightest  con- 
stituents on  the  surface  of  a  planet,  and  a  satellite  may  have  affinity 
with  the  crust. 

The  conclusion  then  is  that  on  the  hypothesis  that  the  Earth  has 
assumed  its  present  condition  either  by  aggregation  or  solidification, 
out  of  matters  previously  existing  within  the  solar  system,  it  is 
probable  that  its  nucleus  will  be  largely  composed  of  metallic 
materials.  But  since  all  the  meteorites  known  would  together 
scarcely  load  a  barge,  this  conclusion  must  be  admitted  to  rest  on  a 
very  slender  basis. 

III.— SoMB  Bbsults  or  a  Detailed  Survey  or  the  Old  Goast-lihss 

NEAR   TrONDHJBM,   NoBWAT. 

By  Hugh  Miller,  F.G.8.,  H.M.  Geological  Surrey. 

DUEINQ  a  short  visit  to  Norway  in  October,  1884,  it  appeared  to 
the  author  that  the  best  way  to  help  to  a  solution  the  vexed 
questions  connected  with  the  coast-terracing  of  Norway  was  to 
execute  a  careful  survey  of  a  few  square  miles  of  some  suitable 
coast  region  upon  a  sufficiently  large  scale.  The  neighbourhood  of 
Trondhjem  is  remarkably  well  suited  to  this  purpose.  The  map 
employed  was  partly  a  municipal  chart  on  the  scale  of  i^ioo,  and 
partly  an  enlargement  of  the  Ordnance  Map.  The  limit  of  all  the 
terraces  and  marine  deposits  is  the  famous  ''strand  line"  west  of 
the  town,  a  double  range  of  old  coast-cliff  cut  in  the  rock  of  the 
mountain -side.  Its  upper  line  is  580  feet  above  the  sea,  and  answers 
to  the  "  marine  limit "  over  Norway  generally.  Numbers  of  level 
terrace-lines  have  been  incised — chiefly  in  greenish  clays,  like  brick* 
clays — all  along  the  arable  slopes  east  of  the  town  between  this 
rock-terrace  and  the  sea.  Above  the  Bay  of  Leangen,  two  miles 
east  of  town  and  river,  and  far  beyond  all  erosive  influence  of  the 
latter,  thirty  of  these  lines  were  mapped  one  above  another  in  the 
first  300  feet  of  ascent,  a  distance  of  one  mile  and  a  half.  Many  of 
these  are  small  but  extremely  distinct,  the  earthy  clays  being  well 
suited  to  retain  sharp  impressions  of  successive  seapmargins,  which 
these  unequivocally  are.  The  present  coast-line,  neatly  etched  out 
by  the  waves  in  IVondhjem  and  Leangen  bays,  is  the  key  to  these 
tiers  of  older  ones.     It  also  resembles  tbem  in  having  made  little  or 
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no  impression  where  the  coast  heoomes  rocky,  the  lines  of  incision 
in  both  cases  stopping  short  at  once  when  they  reach  the  harder 
material.  The  old  coast-lines  are  most  numerous  in  well-sheltered 
positions.  Thus  a  single  pair  of  large  terraces  in  an  exposed  situa- 
tion east  from  Christiansten,  where  they  face  the  open  water  of  the 
fjord  and  the  prevalent  north-westerly  storms,  is  represented  in  the 
recess  above  Leangen  Bay  by  ten  or  twelve.  The  same  fact  is 
brought  out  on  rising  from  this  recess  to  the  higher  and  more  exposed 
ground.  Thus,  while  thirty-three  or  thirty-four  terraces  are  mapped 
below  350  feet  (approximate)  elevation,  only  nine  or  ten  appear 
between  that  level  and  the  rock-terraces  of  the  upper  marine  limit, 
the  numerical  average  height  of  the  terraces  thus  rising  by  more 
than  a  half.  In  recesses  of  the  coast  further  east,  but  beyond  the 
map,  these  upper  terraces  seem  to  be  preserved  in  considerably 
greater  numbers.  The  number  actually  mapped  was  forty- three,  or 
with  the  rock-terraces,  forty-five.  The  largest  number  of  terraces 
hitherto  described  at  any  one  place  in  Norway  seems  to  have  been 
eighteen. 

Some  of  the  general  conclusions  of  the  author  are  as  follows : — 
1.  These  terraces  are  all  post-glacial,  t.e.  formed  since  the  rock- 
glaciation  of  the  district  This  is  confirmed  by  the  condition  of 
the  high  coast-clifif,  which  has  been  cut  in  ice-rounded  rock,  but 
is  not  itself  glaciated.  It  appears,  however,  from  the  fauna  of  the 
raised  shell-banks  of  the  country  (as  worked  out  by  Sars  and 
Kjerulf),  in  which  recent  shells  do  not  rise  above  380  feet,  that  the 
seas  of  the  upper  levels  were  still  glacial ;  and,  though  the  Trondh- 
jem  i5ord  was  free  from  land-ice,  other  deeper  fjords  and  higher 
coasts  may  still  have  had  glaciers  coming  into  conflict  with  the  sea, 
and  producing  the  glaciated  rock- terraces  described  by  Sexe.  All 
the  evidence  obtained  discountenances  Sexe's  view  that  these  rock- 
terraces  were  cut  out  by  glaciers,  as  well  as  Carl  Petersen's  that 
they  were  rasped  out  by  floating-ice  coasting  the  shores.  On 
the  clay  terraces  coast-ice  has  left  no  more  sign  of  its  presence 
than  the  winter  freezing  of  our  British  rivers  leaves  upon  our 
river  terraces.  2.  If  the  country  was  upraised  by  a  succession 
of  elevatory  jerks  as  supposed  by  most  geologists  from  Eeilhau 
downwards,  most  of  these  would  seem  to  have  been  small — much 
smaller,  at  least,  than  is  supposed  by  Kjerulf.  It  is  improbable 
that  even  Leangen  Bay  was  secluded  enough  to  contain  a  record 
of  all  the  original  coast-lines.  The  longer  pauses  and  greater 
storms  may  have  effaced  an  unknown  number,  by  a  process  of 
excision  exemplified  in  all  its  stages  by  the  map.  It  is  hard  to  say, 
in  fact,  where  the  subdivision  would  end  if  all  were  preserved.  The 
smaller  terraces  remind  the  eye  of  the  incised  lines  and  little  planes 
engraved  on  the  sandbanks  bordering  rivers  after  a  flood,  in  which 
case  there  is  no  periodicity  in  the  subsidence  of  the  waters.  3.  The 
preservation  or  excision  of  the  terraoes  thus  seems  to  depend  as  much 
upon  local  circumstances — exposure  to  storms,  resistance  of  coast- 
liile,  etc. — as  upon  anything  else.  It  is  impossible  at  present  to 
predicate  which  of  them  shall  in  any  given  place  remain.     Whether 
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elevation  by  jerks,  therefore,  be  postulated  or  not,  all  hope  of  oorre- 
lating  these  terraces  througboat  the  country  must  be  deferred  until 
their  heights  have  been  accurately  determined  by  leveL  The  measure- 
ments hitherto  made,  not  even  excepting  those  of  Professors  Ejerulf 
and  Mohn,  are  probably  inadequate  for  the  purpose.  This  observation 
seems  to  apply  also  to  the  terraces  graven  in  rock.  In  their  aneroid 
measurements  of  the  upper  strand-line  at  Trondhjem  theee  observers 
differ  by  fifty-five  feet.  4.  On  entering  the  moudi  of  the  Trondhjem 
Valley,  the  terraces  come  under  an  influence  other  than  that  of  the 
sea- waves.  The  valley  was  worked  out,  in  deposits  partly  levelled 
out  by  the  sea,  according  to  the  laws  of  river  terracing  under  the 
accelerating  influences  of  a  falling  sea-leveL  The  processes  of 
automatic  river  terracing  are  beautifully  exemplified  within  the 
district  mapped,  in  the  deep  lobe-shaped  curve  of  the  river  just 
before  it  enters  the  sea.  The  terraces  have  been  added  one  after 
another  to. the  point  of  the  lobe  of  land  thus  surrounded,  whioh  is 
known  as  Oen. 

IV. — Some  Bksults  of  thb  Cetstallographio  Study  of  Danbukitk. 
By  Dr.  Max  Schustbb. 

IN  studying  the  characters  of  the  faces  and  the  structure  of  the 
Danburite  crystals  found  in  Switzerland,  the  author  has  met  with 
vicinal  faces  of  a  peculiar  kind,  for  which  he  proposes  the  term 
'transitional  faces*  (Tschermak,  Min.  Mittheil.  vi.  1884,  p.  611). 
Attention  is  called  to  the  fact  that  these  faces  are  easily  affected  by 
those  causes  which  produce  an  unequal  development  of  faces  other- 
wise symmetrically  disposed,  and  an  illustration  is  given  of  the  way 
in  which  their  indices  are  numerically  related  to  those  of  the  principal 
faces  of  the  crystal. 

Paper  read  in  Section  D  (Biology). 

V. — On  the  Origin  of  the  Fishes  of  the  Sea  of  Galilee. 

By   Professor   Edward    Hull,    LL.D.,    F.E.S., 

Director  of  the  Geological  Survey  of  Ireland. 

WHEN  preparing  a  memoir  for  the  Palestine  Exploration  Society 
on  the  physical  history  of  Arabia  Petrsea  and  Palestine,  I  was 
confronted  with  two  biologi<^  problems :  one  on  the  origin  of  the 
fauna  of  the  Sea  of  Galilee  (or  Lake  of  Tiberias)  ;  the  other  on  the 
cause  of  the  extreme  dissimilarity  between  the  faunas  of  the  Red  Sea 
and  Mediterranean,  notwithstanding  the  ascertained  fact  that  the  seas 
themselves  have  been  physically  connected  within  very  recent  times. 
With  the  former  problem  I  propose  here  to  deal  as  far  as  the  fishes 
are  concerned ;  with  the  latter  I  shall  deal  presently. 

The  abundance  of  the  fishes  which  inhabit  the  waters  of  the  Sea 
of  Qalilee  is  known  both  from  sacred  and  secular  history,  and  has 
been  testified  to  by  several  recent  observers.  The  characters  and 
habits  of  these  fishes  have  also  been  ably  discussed  and  illustrated, 
especially  by  Canon  Tristram  ^  and  Professor  L.  Lartet,*  from  which 
it  has  been   determined   that  nearly  one-half  of  the  species  are 

*  Fauna  and  Flora  of  Palestine,  preface,  p.  lii.  Mem.  Palestine  Snrvey,  1884. 

•  Poissons  et  Eeptiles  da  Lac  de  TibJriade,  Arcliiyes  du  Mus^  d'Histoore 
Katurelle  de  Lyon,  tome  iii.  1883. 
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peculiar  to  the  lake  and  its  tributaries ;  while  of  the  rest  only  one — 
namely,  Blennim  lupulua — belongs  to  the  ordinary  Mediterranean 
fauna;  two  others — namely,  Chromis  Niloticua  and  Clarias  macra- 
eanthus — are  found  in  the  Nile;  seven  other  species  occur  in  the 
rivers  of  South-western  Asia ;  and  ten  more  are  found  in  other  parts 
of  Syria.  Tristram  considers  that  this  assemblage  points  to  a  close 
affinity  of  the  fauna  of  the  Jordanic  basin  with  that  of  the  rivers  of 
Tropical  Africa  (-Ethiopian)  ;  but  what  most  strikes  the  observer  is 
perhaps  the  speciality  of  the  species  to  Jordanic  waters,  sixteen  out 
of  a  total  of  thirty-six  species  being  peculiar.  This  view  seems  to 
be  borne  out  also  by  an  analysis  of  the  molluscous  forms,  which  are 
for  the  most  part  also  peculiar,  for  no  less  than  sixteen  species  of 
Unto  are  special  to  Jordanic  waters.^  Assuming  that  the  forms 
which  are  common  to  Jordanic  and  other  waters  have  been  distri- 
buted in  a  manner  similar  to  that  by  which  we  have  to  account  for 
the  distribution  of  lacustrine  forms  in  other  parts  of  the  world,  we 
have  yet  to  account  for  the  presence  of  the  forms  which  are  special 
and  peculiar. 

This  leads  to  a  consideration  of  the  manner  in  which  the  Jordanic 
basin  was  first  formed  and  afterwards  modified  ;  and  without  enter- 
ing here  into  this  wide  question,  which  I  have  endeavoured  to  deal 
with  in  the  memoir  above  referred  to,  I  may  be  allowed  to  summarize 
my  conclusions  somewhat  as  follows : — 

In  the  first  place,  it  must  be  recollected  that  as  the  whole  region 
on  both  sides  of  the  Jordanic  valley  was  originally  overspread  by 
strata  of  the  Eocene  period  (known  as  the  Nummulitic  Limeatonejt 
this  region  formed  the  floor  of  the  ocean  down  to  the  close  of  the 
Eocene  period ;  the  only  possible  lands  in  the  district  may  have  been 
those  of  the  Crystalline  rocks  of  the  Sinaitic  group  of  mountains. 

The  geological  period,  which  succeeded,  that  of  the  Miocene,  was 
that  in  which  land  first  appeared  in  the  Palestine  area.  The  bed  of 
the  sea  was  locally  elevated  into  dry  land,  but  at  the  same  time  most 
of  the  leading  physical  features  by  which  that  land  is  now  diversified 
were  traced  out  and  finally  determined.  Chief  amongst  these  was 
the  line  of  the  great  Jordan-Arabah  depression — marked  out  by  a 
line  of  fault  or  displacement  of  the  strata,  ranging  from  the  slopes 
of  the  Lebanon  on  the  north  to  the  Gulf  of  Akabah  on  the  south. 
It  seems  to  me  probable  that  as  the  land  on  either  side  of  this  de- 
pression was  being  elevated,  the  displacement  of  the  strata  on  either 
side  of  the  great  fault  was  also  proceeding,  and  the  floor  of  the  sea 
was  subsiding  along  the  line  of  the  Jordan  valley.  An  inland  lake 
of  considerable  extent  was  thus  formed,  the  waters  of  which  were 
first  derived  from  those  of  the  ocean  itself,  in  which  were  enclosed 
the  fishes,  molluscs  and  other  forms  which  inhabited  these  waters 
themselves.  There  are  good  grounds  for  believing  that  once  the 
lake  was  enclosed  and  shut  off  from  the  outer  sea  by  a  barrier  of 
land,  it  was  never  again  physically  connected  with  the  outer  sea. 
The  saddle  of  the  Arabah  valley,  rising  some  600  feet  above  the 
highest  limit  to  which  the  waters  of  the  old  Jordanic  lake  ever 

^  Tristram,  ibid,  p.  178.  The  molluscs  hare  been  also  recently  described  by  M. 
A.  Locard,  Malacologie  du  Lao  de  Tib4nade,  1883. 
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ascended,  would  have  proved  an  effectual  barrier  towards  the  sonth.^ 
Towards  the  west  the  barrier  would  have  been  much  more  elevated. 
Heuce  the  living  forms  in  the  waters  of  the  inland  salt  lake  were 
isolated  from  those  of  the  ocean,  and  had  either  to  adapt  themselves 
to  their  new  conditions  or  to  die  out. 

We  may  suppose  that  the  first  to  disappear  would  be  the  corals, 
crinoids,  and  starfishes.  On  the  other  hand,  fishes,  raoUusoa,  and 
crustaceans,  having  greater  powers  of  adaptation,  would  in  many 
cases  survive.  Meanwhile,  the  law  of  "  descent  with  modification  " 
would  now  come  into  opemtion,  and  we  may  suppose  that  through- 
out the  Miocene  and  Pliocene  periods  the  process  of  modification  in 
form,  colour,  and  habit  gradually  proceeded.  The  fittest  forms 
survived,  and  differentiation  between  those  of  the  outer  and  inner 
seas,  resulting,  as  we  have  seen,  in  almost  an  entire  specific  change, 
was  effected. 

The  above  view  seems  in  accordance  with  recent  observations 
regarding  the  adaptability  of  many  marine  forms  to  new  lacustrine 
conditions,  provided  the  process  of  change  is  sufSciently  gradual. 
Professor  SoUas,  whose  memoir  on  "The  Origin  of  Fresh-water 
Faunas " '  is  very  suggestive,  arrives  at  the  conclusion  that,  as  the 
conversion  of  comparatively  shallow  continental  secLS  into  fresh- 
water lakes  has  taken  place  on  a  large  scale  several  times  in  the 
history  of  the  earth,  this  has  been  accompanied  by  the  transforma- 
tion of  some  of  the  marine  into  fresh-water  forms.  The  Jordan 
valley  lake,  originally  salt,  has  shrunk  back  into  two  or  three  lakes 
connected  by  a  river.  The  Dead  Sea  alone  remains  salt  and  lifeless. 
The  waters  of  the  Sea  of  Gktlilee  are  fresh,  and  teem  with  life.  In 
reply  to  my  enquiry  whether  the  above  views  would  harmonize  with 
his  own,  Professor  SoUas  writes:  "I  have  always  regarded  the 
curious  fishes  of  the  Sea  of  Galilee  as  evidence  of  a  previous  marine 
communication,  but  it  never  oocun-ed  to  me  to  speculate  as  to  the  age 
of  that  connection.  If  this  sea  (that  of  Galilee)  were  stocked  from 
the  Eocene  ocean,  it  would  fit  in  very  well  with  the  history,  as  I 
believe  it,  of  other  fresh- water  faunas."  It  is  gratifying  to  me  to 
have  the  concurrence  on  this  point  of  so  able  an  authority.  I  conclude, 
therefore,  that  the  special  forms  of  fishes  now  inhabiting  the  Sea  of 
Galilee  are  the  descendants  of  those  which  lived  in  the  Eocene  ocean. 


la  E  ^  I  E  "W"  S. 


Thk  Geology  of  the  Countey  abound  Ipswich,  Hadleioh, 
AND  Felixstow.  By  William  Whitaker,  B.A.,  F.G.S.,  eto. 
(With  Notes  by  W.  H.  Dalton,  F.G.S.,  and  F.  J.  Bennett, 
F.G.S.)  Memoirs  of  the  Geological  Survey.  8vo.  pp.  vii.  156. 
London,  1885.     Price  Two  Shillings. 

THIS  Memoir  contains  a  detailed  account  of  the  formations  that 
are  met  with  in  the  country  around  Ipswich,  or  in  the  tract 
embraced  by  Quarter-sheets  48  N.W.  and  N.E.  of  the  Geological 
Survey  Map. 

*  See  Mount  Seir,  Sinai  and  Western  Palestine,  pp.  95  and  99,  etc. 

*  Scientific  Trans,  fioyal  Dublin  Society,  toL  iii.  ser.  2. 
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The  Chalk  forms  the  basement  rock  of  the  district ;  it  comes  to 
the  surface  in  the  bottom  of  some  of  the  main  valleys,  but  is  very 
rarely  exposed  in  section.  Although  unquestionably  the  Upper 
Chalk,  no  fossils  are  recorded.  The  Lower  London  Tertiaries 
(Thanet,  Reading,  and  Oldhaven  Beds)  crop  out  only  to  a  slight 
extent  in  the  same  valleys.  Two  of  the  finest  sections  may  be  seen 
on  the  left  bank  of  the  Qipping,  in  the  large  chalk-pits  north  of 
Bramford.  Here  London-clay  and  newer  deposits  are  shown,  rest- 
ing on  the  Reading  Beds,  Thanet  Beds,  and  Chalk.  The  occurrence 
of  Oldhaven  Beds  appears  to  be  limited  to  the  town  of  Ipswich. 
These  Lower  London  Tertiaries  are  interesting  from  a  stratigraphical 
point  of  view,  but  their  fossil  treasures  are  few  or  but  little  known. 
Mr.  Whitaker  expresses  the  hope  that  more  attention  may  in  future 
be  paid  to  these  strata. 

The  London  Clay  extends  beneath  the  Crag  and  Drift  over  much 
of  the  southern  and  eastern  portion  of  the  area,  though  its  outcrop 
is  almost  wholly  confined  to  the  valleys.  It  is  well  exposed  in 
many  brickyards,  presenting  its  ordinary  characters  of  blue  or  brown 
clay  with  septaria,  underlaid  by  its  "  basement  bed,"  which  is  gene- 
rally very  sandy  and  has  often  a  layer  of  flint-pebbles.  Among  the 
fossils  a  few  shells,  teeth  of  Lamna,  remains  of  turtles,  and  fragments 
of  wood  have  been  found.  The  most  interesting  section  in  this 
formation  was  that  at  Kingston  or  Eyson  Quay,  in  the  valley  of  the 
Deben.  This  section  was  originally  noted  by  Mr.  S.  V.  Wood  in 
1839,  and  he  then  obtained  from  the  basement-bed  of  the  London- 
clay  some  small  teeth  resembling  those  of  a  Bat ;  also  a  portion  of 
a  small  marsupial,  Didelphys  Colchesteri  (discovered  by  Mr.  William 
Colchester),  and  a  portion  of  a  lower  jaw,  containing  the  last  molar 
tooth,  which  Sir  Richard  Owen  described  as  that  of  a  Monkey 
{Macacus  Eocanua),  but  which  was  subsequently  proved  to  belong 
to  Hyracoiherium.  Referring  to  the  extent  of  the  older  Tertiary 
beds,  Mr.  Whitaker  remarks  that  the  evidence  of  well-sections 
proves  that  these  strata  occur  along  the  whole  of  the  eastern  border 
of  Suffolk. 

To  the  collector,  the  beds  of  Crag  have  always  furnished  the  chief 
attraction  in  Suff'olk  Geology.  In  the  area  under  consideration  the 
Coralline  Crag  occupies  a  very  limited  portion  of  the  ground,  being 
exposed  only  at  Tattingstone,  Sutton,  and  Rarosholt.  The  sections, 
however,  are  of  considerable  interest ;  that  at  Sutton  shows  about  22 
feet  of  the  Crag,  with  (at  the  base)  phosphatio  nodules,  bones  of 
cetacea,  teeth  of  sharks,  box-stones  (with  Diestian  fossils),  etc.  A 
general  account  of  the  Coralline  Crag  is  reserved  for  a  Memoir  on 
the  district  around  Aldborough,  etc. 

The  Red  Crag  occurs  over  a  large  part  of  the  Ipswich  district, 
generally  with  a  narrow  outcrop  at  the  higher  part  of  the  valley- 
flanks,  being  otherwise  much  masked  by  Glacial  Drift.  A  general 
account  of  this  formation  is  given,  of  its  phosphatio  nodules  or 
**  coprolites,"  of  its  organic  remains,  and  of  the  unfossiliferous  sand 
out  of  which  in  many  cases  the  sliells  have  been  dissolved.  The 
nodule-bed  is  of  a  conglomeratic  character,  like  that  at  the  base  of 
the  Coralline  Crag,  the  most  peculiar  of  the  rock-contents  being  the 
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box-stones  whose  fossils  are  of  the  age  of  the  Diestian  Crag  of 
Belgium.  We  regret  that  Mr.  Whitaker  has  not  given  a  full  list 
of  the  Red  Crag  fossils ;  for  although  the  works  of  Searles  Wood  and 
Prestwich  contain  long  lists,  yet  it  would  have  been  convenient  for 
the  student  to  have  in  this  one  volume  a  complete  aooount  of  the 
palaaontology  of  the  district 

An  excellent  account  of  the  literature  of  the  Eed  Crag,  with  critical 
remarks,  occupying  over  eleven  pages,  will  be  of  much  service  to 
those  desirous  of  studying  what  has  been  written  about  the  forma- 
tion. Detailed  accounts  of  the  various  sections  of  Eed  Crag  occupy 
27  pages.  Of  these  sections,  those  of  I'attingstone,  Felixstow^ 
Foxhall,  Sutton,  Ramsholt  and  Bawdsey  are  among  the  best  known. 
Mr.  Whitaker  concludes  that  the  Red  Crag  was  accumulated  in  a 
short  time,  geologically  speaking,  and  that  it  *'  is  a  small  thing  " 
compared  with  our  Glacial  Drift  or  River  Gravels. 

Under  the  heading  of  "  Glacial  Drift,"  various  deposits  of  Sand 
and  Gravel,  Brickearth  or  Loam,  and  Boulder-clay  are  included ;  bat 
for  classificatory  purposes  Mr.  Whitaker  would  make  only  two 
divisions  of  the  Drift.  The  Boulder-clay  is  the  Upper  Glacial  of 
Wood  and  Harmer,  the  Sand  and  Gravel  their  Middle  Glacial,  and 
the  Brickearth,  to  some  extent  at  least,  their  Lower  Glacial ;  but  the 
strong  division  insisted  on  by  Mr.  Wood  as  occurring  between  the 
Middle  and  Lower  Glacial  Beds  is  not  recognized  by  Mr.  Whitaker. 
He  states  that,  while  he  cannot  disprove  Mr.  Wood's  theory,  he  is 
disposed  to  think  that  the  Brickearth  may  occur  in  the  form  of  large 
lenticular  masses  in  the  Sand  and  Gravel.  In  the  district  there  is 
little  evidence  of  the  occurrence  of  beds  of  Boulder-day  in  the  sand 
and  gravel  or  with  the  brickearth  that  underlie  this  great  sheet  of 
clay,  but  such  layers  do  occur  here  and  there.  The  various  Drifts 
are  described  in  detail,  they  occur  over  nearly  the  whole  of  the 
area,  and  are  therefore  most  important  in  their  relation  to  agriculture, 
and  in  connection  with  local  questions  of  water-supply. 

The  term  Glacial  Drift  is  used  in  a  chronological  sense  to  include 
all  beds  formed  during  what  is  known  as  the  Glacial  Period.  The 
term  Post-Glacial  is,  however,  applied  to  certain  River  or  Valley 
Drifts  which  are  later  than  the  Glacial  Drift  of  the  district,  but 
which  may  in  some  cases  have  been  formed  while  Glacial  conditions 
still  endured  in  portions  of  the  British  area.  Among  these  "  Post- 
Glacial  "  deposits  the  most  interesting  are  the  beds  at  Stutton  Ness, 
containing  many  land  and  freshwater  moUusca;  and  a  deposit  at 
Ipswich  which  has  yielded  remains  of  Elephas  antiquus^  E.  primi* 
genius.  Rhinoceros  tichorhinus,  etc.  Among  recent  deposits,  the  Allu- 
vium of  the  Orwell  is  noteworthy,  with  its  peaty  deposits  first 
described  by  Dr.  J.  E.  Taylor,  which  have  yielded  teeth  of  the 
Mammoth  (?  derived).  Accounts  of  Shingle  and  Blown  Sand  are 
also  given.  A  chapter  entitled  Miscellaneous  is  devoted  to  Disturb- 
ances, and  Economics.  Under  the  latter  heading  we  find  analyses  of 
the  Pseudo-coprolites  and  fossil  bones. 

Appendices  giving  details  of  Well-sections  and  Borings,  some 
Supplementary  Notes  to  other  Memoirs  (relating  to  Sudbury  and 
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Colchester),  and  a  list  of  314  works  on  the  Geology  and  Palae- 
ontology of  Suffolk,  together  with  an  Index,  complete  the  volume. 

On  the  whole  this  Memoir,  like  most  of  those  issued  of  late  years 
hy  the  Geological  Survey,  contains  a  large  amount  of  dry  detailed 
description,  far  from  attractive  to  an  "  ordinary  reader,"  and  not  at 
all  calculated  to  arouse  enthusiasm  in  the  science.  And  yet  these 
details  may  prove  of  great  service  in  many  ways,  hoth  practical  and 
scientific.  We  are,  however,  informed  by  the  Director-General  in 
his  prefatory  notice  to  this  Memoir,  that  the  whole  of  the  Pliocene 
deposits  of  the  East  of  England  having  now  been  completely  sur- 
veyed and  published,  it  is  intended  to  prepare  a  Stratigraphical 
Monograph  illustrative  of  them.  This  we  presume  will  bring  out, 
more  clearly  than  could  otherwise  be  the  case,  the  general  reHults  of 
the  official  and  other  work,  towards  the  elucidation  of  which  the 
Memoirs  explanatory  of  particular  maps  will  furnish  a  solid,  if  not 
very  entertaining,  basis. 


coiaiaEs:E>oiTX)EisrcE. 


UNDERGBOUND  HEAT. 
Sir, — It  was  with  much  interest  that  I  read  in  the  September  number 
Mr.  J.  S.  Gardner's  article  upon  the  above  subject,  and  the  more  so 
as  it  is  rather  a  pet  subject  of  my  own.  Though  I  have  never  suc- 
ceeded in  throwing  so  much  practical  light  upon  it  as  Mr.  Gtirdner 
has,  I  ventured  in  an  article  in  Belgravia  as  long  ago  as  June,  1881, 
to  forecast  that  the  day  might  come  when  we  might  see  ''  conductors 
of  Bvhterravean  heat  ramifying  like  the  gas  pipes  of  a  city  into  every 
house,  and  superseding  the  use  of  fuel.**  But  I  never,  until  now, 
found  any  one  willing  to  treat  the  subject  otherwise  than  as 
wild  and  visionary.  With,  however,  the  astonishing  inventions  and 
developments  of  machinery  which  every  year  presents  to  us,  it 
would  be  nothing  strange  if  a  means  were  found  of  getting  at  this 
practically  exhaustless  supply  of  heat  long  before  the  finite  quantity 
represented  by  our  fuel  reaches  the  beginning  of  its  end.  At  a 
measurable  distance  beneath  us  we  have  hot  air  and  hot  water. 
Geysers,  Mr.  Gardner  tells  us,  have  actually  been  utilized  for  heating 
purposes.  To  make  a  geyser  at  a  given  spot  would  be  only  a 
question  of  money  and  skill,  often  probably  not  a  greater  under- 
taking than  laying  down  an  Atlantic  cable ;  and  the  one  undertaking 
would  probably  bring  in  as  good  dividends  as  the  other. 

CoMBB  Balbioh  Bbctort,  Honiton.  W.  Downks. 

UNDEBGROCJND  HEAT. 
Sir, — I  have  read  Mr.  Starkie  Gardner's  article  in  your  Maoazimk 
for  September,  with  much  interest  I  understand  him  to  maintain 
that  the  surface  of  the  earth  is  solid  from  cooling,  and  the  centre 
solid  from  pressure,  but  that  between  the  two  there  is  a  fluid  stratum 
of  no  great  proportionate  thickness ;  he  seems  to  think  also  that  the 
continuity  of  the  liquid  stratum  is  in  some  degree  interrupted  by 
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the  roots  of  mountain  chains  forming  ridge-shaped  projections  on 
the  lower  surface  of  the  solid  crust. 

Perhaps  it  is  not  generally  known  how  nearly  this  resembles  a 
theory  propounded  by  the  late  Mr.  Hopkins  of  Cambridge  thirty 
or  forty  years  ago.  He  maintained  that  the  earth  is  solid  at  the 
surface  from  cooling,  and  at  the  centre  from  pressure;  that  the 
solid  centre  is  for  the  most  part  continuous  with  the  solid  crust ;  bat 
that  in  volcanic  regions  there  are  subterranean  lakes  of  molten  matter 
between  the  two. 

I  speak  with  no  authority,  but  I  think  it  most  probable  that  the 
earth  is  solid  throughout,  with  the  possible  exception  of  small  and 
perhaps  only  temporary  reservoirs  of  lava.  The  fact  that  the  lava 
in  neighbouring  craters  often  stands  permanently  at  different  levels, 
proves  that  they  cannot  be  in  communication  with  a  commoii 
reservoir ;  and  the  tremulousness  of  the  earth's  surface,  which  the 
microphone  reveals,  seems  to  me  to  prove  only  that  the  materials 
composing  it  are  elastic  and  slightly  flexible. 

Belfast,  9M  Sept,  1885.  JoBBPH  JoEQT  McJRPHT. 

MR.  LYDEKKER  ON  ESTHONYX. 

Sib, — The  article  in  your  August  number  by  Mr.  Lydekker  on 
the  identity  of  Esthonyx,  Cope,  with  Platycharopa,  Cbarlesworth, 
excited  my  interest,  and  requires  a  few  words  of  comment  It  is 
of  the  greatest  importance  to  determine,  if  possible,  the  identity  of 
generic  and  specific  forms  in  widely  separated  localities  during  past 
geological  ages.  This  has  occasionally  been  successfully  accomplished, 
as,  for  instance,  the  determination  of  Hyrachyvs,  by  Gaudry,  and  of 
Oxytma,  by  Filhol,  in  France.  In  other  cases  discovery  of  missing 
parts  has  shown  that  such  supposed  identification  were  premature. 
Thus,  I  have  been  compelled  to  recede  from  some  identifications  of 
American  with  European  Lemuroids. 

After  an  examination  of  Prof.  Owen's  figures  and  description  of 
Miofophus  plomceps^  cited  by  Mr.  Lydekker,  I  find  that  the 
identity  of  Esthonyx  with  Miolophus  is  extremely  improbable,  and 
could  as  well  be  asserted  of  at  least  one  other  genus.  Indeed,  there 
is  nothing  in  the  technical  characters  of  the  superior  molars  to  pre- 
vent the  identification  of  Miolophua  with  Chriacus^  Mioclaenus  or 
Deltatherium,  genera  which  only  differ  from  each  other  in  the 
characters  of  the  superior  and  inferior  premolars  and  inferior  molars. 
But  Esthonyx  differs  still  more  from  the  normal  types  in  it«  very 
peculiar  incisors.  In  order  that  Miolophus  should  be  identified  with 
EMonyx  under  these  circumstances,  some  evidence  as  to  the 
characters  of  its  incisors  should  be  obtained,  which  is  not  the  case  as 
yet.  Mr.  Lydekker  appears  to  attach  some  importance  to  a  space 
behind  p.m.  3.  This  space  in  the  specimen  of  Esthonyx  BurmeiS' 
teri  figured  by  me,  may  be  due  to  accident,  as  the  maxillary  bone  is 
in  bad  condition,  and  a  fissure  traversed  the  first  true  inferior  molar. 
There  is  also  a  good  reason  for  suspecting  that  the  genera  in  question 
are  not  identical.  This  is  the  presence  of  a  loop-like  inner  posterior 
^  Flatyohtfropt  JEtichardtoni^  teste  Lydekker. 
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cingiilnm,  quite  distinct  from  the  rest  of  the  crown,  in  Esthonyx, 
which  is  absent  in  Miolophus,  according  to  Owen.  Though  this 
is  not  alone  a  generic  character,  in  my  opinion  it  is  one  of  those 
indicators  which  generally  accompany  them.  In  like  manner,  Jlft'o- 
lophvs  presents  no  important  distinction  from  Deltathartum,  but  the 
wide  internal  lobes  of  the  crowns  lead  me  to  suspect  that  such  exist 
As  to  the  name  Flatychcerops,  it  cannot  be  adopted,  as  its  publica- 
tion was  not  accompanied  by  the  distinct  generic  description  which 
the  accepted  rules  of  nomenclature  require.  E.  D.  Cope. 


THE  BATRACHIA»  OF  THE  PERMIAN  BEDS  OF  BOHEMIA. 
Sir, — In  Dr.  Fritsch's  volume  we  have  the  continuation  of  an  ex- 
tensive work  which  I  have  noticed  at  various  times  in  the  "Naturalist  *' 
as  the  successive  parts  appeared.  I  desire  to  add,  on  this  occasion, 
my  renewed  commendation  of  the  care  and  detail  with  which  Dr. 
Fritsch  continues  to  develope  the  subject,  and  my  praise  for  the 
admirable  plates  which  accompany  the  text  The  species  treated  of 
are  those  which  belong  to  the  larger  forms  of  the  Rhachitomi, 
together  with  some  of  the  intermediate  types,  such  as  the  Dendrerpe- 
tonidsd.  Of  the  greatest  interest  are  two  new  genera  of  the  order 
Embolomeri,  Ckelydosaurus  and  Sphenosaurus,  where  the  additional 
vertebral  centrum,  entire  in  the  type  of  the  order  (Cricotus),  is 
divided  into  three  segments,  two  lateral  and  an  inferior.  This  is  a 
curious  discovery,  especially  as  Sphenosaurus  has  hitherto  been 
regarded  as  a  reptile.'  It  also  has  an  important  bearing  on  the  value 
of  the  order  Embolomeri,  which  Dr.  Fritsch  is  disposed  (p.  4)  to 
question.  He  thinks  that  the  embolomerous  vertebral  structure  is 
confined  to  the  caudal  region  in  the  genus  CrieoUu,  although  I  have 
figured  it  in  the  lumbar  and  cerAdcal  region  of  that  genus,  and 
described  it  as  found  in  the  dorsal'  region.  Dr.  Fritsch  reached  this 
conclusion  because  he  finds  that  in  ArchegoBaurns  the  caudal  region 
is  embolomerous,  and  the  dorsal  region  rhaohitomous.  His  discovery 
of  the  persistence  of  the  embolomerous  condition  in  the  dorsal  region 
of  Ckelydosaurus  and  Sphenosaurus  might  have  suggested  to  him  the 
correctness  of  my  observations  on  Cricotm.  I  add  here  that  in 
Eryops,  in  which  the  dorsal  vertebree  are  rhaohitomous,  the  caudal 
vertebrae  are  not  embolomerous.  So  Archegosaurus  stands  alone  in 
this  respect.  This  determination  of  the  characters  of  Archegosaurus 
by  Dr.  Fritsch  is  very  useful  to  American  palaeontologists,  as  it  has 
hitherto  been  very  imperfectly  described.  I  have  stated  that  there 
are  vertebras  of  this  type  from  Lebach  in  the  Museum  of  Princeton 
College,  New  Jersey.  As  they  agree  exactly  with  Dr.  Fritsch's 
figures  of  Archegosaurus,  it  is  difficult  to  perceive  why  he  denies  the 
accuracy  of  my  statement  in  the  matter  (p.  15).  E.  D.  Cope. 

[Re-publisbed  at  the  writer's  request  from  the  American  NaturalisCy  June,  1886  ] 

^  Fauna  der  Oaskohle  in  d.  Ealksteinen  d.  Permformation  Bohmens.    Yon  Dr. 
Anton  Fritsch,  b.  ii.  heft  L  ;  Praag,  1885. 

*  These  two  genera  should  form  a  second  family  of  the  Embolomeri,  characterized 
as  aboTe,  which  I  call  the  Sphenosaurid®. 

*  Proc.  Amer.  Philo.  Soc.  1884,  p.  29. 
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THOMAS  DAVIDSON,  LL.D.,  F.R.S.,  F.G.S.,  F.L.S.,  &c. 
Born  Mat  17,  1817 ;    Bibd  Octobbr  14,  1885. 

It  is  with  profound  regret  that  we  have  to  reoord  the  death 
of  another  eminent  British  palaeontologist,  whose  loss  from  our 
ranks  we  must  all  deplore.  Although  Dr.  Davidson's  ancestral 
home  was  at  Muirhouse,  near  Edinburgh,  he  had  long  resided 
in  Brighton,  and  had  identified  himself  as  Chairman  of  the 
Committee  with  the  Free  Public  Museum  and  Library  of  that 
town ;  to  which  he  had  also  been  a  liberal  donor. 

We  published  in  April,  1871,  in  the  pages  of  this  Magazine, 
an  account  of  Dr.  Davidson's  life,  with  a  portrait  of  himself 
and  a  list  of  his  Memoirs  to  that  date.  He  has  since  completed 
his  magnificent  work  on  the  British  Fossil  Bbachiopoda 
for  the  Pal83ontographical  Society  (of  which  he  was  a  Vice- 
President),  which  occupies  five  large  quarto  volumes  illustrated 
with  over  200  plates  drawn  by  the  author's  own  hands.  He 
has  prepared  the  article  Brachiopoda  for  the  "Encyclopaedia 
Britannica " ;  monographed  the  entire  series  of  Brachiopoda 
collected  during  the  exploring  expedition  of  H.M.S.  '*  Chal- 
lenger "  ;  prepared  an  exhaustive  memoir  on  Recent  Brachio- 
poda now  in  course  of  publication  by  the  Linnsean  Society, 
besides  various  lesser  papers  in  the  pages  of  this  Magazine 
and  elsewhere.  He  may  be  truly  described  as  one  of  the  most 
hard-working  and  single-minded  Naturalists  of  the  present 
century.  Although  living  much  in  retirement,  he  had  been 
elected  an  Honorary  Member  of  all  the  chief  Scientific  Societies 
in  £urope  and  America ;  he  had  also  been  decorated  with  the 
Gold  Medal  of  the  Royal  Society  in  1870,  the  Wollaston  Gold 
Medal  of  the  Geological  Society  in  1865,  and  the  "  Silurian 
Medal "  by  Murchison  in  1 868.  He  died  at  his  residence,  9, 
Salisbury  Road,  Brighton,  having  been  for  some  time  a  great 
sufferer  from  an  acute  affection  of  the  lungs.^ 

As  a  final  act  of  generosity,  Dr.  Davidson  has  bequeathed 
his  magnificent  collection  of  Recent  and  Fossil  Brachiopoda, 
containing  a  large  proportion  of  the  "types"  figured  in  his 
various  works,  together  with  his  Books  and  Original  Drawings, 
to  the  Nation,  to  be  preserved  in  their  entirety  in  the  Depart- 
ment of  Geology  in  the  British  Museum  of  Natural  History, 
Cromwell  Road,  London,  S.W. 

^  His  American  friend.  Prof.  W.  H.  Ball,  paid  the  last  compliment  to  his 
labours  in  the  Gbolooioal  Maoazinb  for  September  (p.  429). 
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I. — On  the  Stnoktmt,  Stbuoturb,  and  Gbologioax  Distbibution 
OF  80LBNOPORA  couPACTA,  Billings,  sp. 

By  H.  Allbtnb  Nicholson,  Bf.D.,  D.Sc,  and  Bobbbt  Ethbsidob,  jun. 
(PLATE  XIII.) 

IN  his  "PalaBOzoio  Fossils"  (1861-65),  Mr.  Billings  described, 
without  figures,  a  fossil  from  the  Black  Kiver  Limestone,  to 
which  he  gave  the  name  of  Stromatopora  compacta.  The  desoiiption 
given  was  as  follows : — **  This  species  forms  small  subglobular  masses, 
from  one  to  two  inches  in  diameter.  The  concentric  lamellae  are 
thin  and  closely  packed  together,  there  being  in  some  specimens 
from  six  to  twelve  layers  in  the  space  of  two  lines"  (op.  cii.  p.  65). 

In  1877,  the  present  writera  described,  under  the  name  of  Tetradium 
Peachii,  a  singular  fossil  which  occurred  in  pebbles  of  Ordovician 
Limestone  contained  in  the  Old  Bed  conglomerates  of  Habbie's  Howe, 
Pentland  Hills,  near  Edinburgh,  the  source  of  these  pebbles  being 
at  that  time  unknown  (Ann.  and  Mag.  Nat  Hist.  ser.  4,  vol.  xx.  p.  166). 

In  the  same  year  (1877)  Dr.  Dybowski  described  a  fossil  from  the 
Ordovician  strata  of  Esthonia  under  the  name  of  Solenopora  apongi' 
oideB,  n.sp.,  his  description  and  figures  leaving  no  doubt  of  the 
identity  of  this  with  Tetradium  Peachii,  Nich.  and  Eth.  jun.  ("  Die 
Ohaetetiden  der  ostbaltischen  Silur.  Formation,"  p.  124,  taf.  ii.  figs. 
11a,  b).  The  genus  Solenopora  was  regarded  as  referable  to  the 
Monticuliporoids,  and  Dr.  Dybowski  defined  it  as  follows : — 

**  Corallum  spheroidal ;  corallites  irregularly  prismatical,  of  very 
small  diameter ;  ooenenchyma  wanting ;  tabulae  absent." 

In  1880,  we  gave  a  further  and  much  fuller  description  of  Tetradium 
Peachii,  from  specimens  which  had  been  collected  by  Mrs.  Robert 
Qray  from  the  Craighead  Limestone  (Ordovician)  near  Girvan,  Ayr- 
shire (Monograph  of  the  Silurian  Fossils  of  the  Oirvan  District  in 
Ayrshire,  p.  31,  pi.  i.  fig.  3,  and  pi.  ii.  figs.  1,  lb).  In  this  descrip- 
tion we  still  adhered  to  the  reference  of  the  fossil  to  Tetradium,  from 
the  dose  resemblance  of  cross-sections  of  the  tubes  in  many  speci- 
mens to  similar  sections  of  Tetradium, 

Sir  J.  W.  Dawson,  in  a  paper  on  the  microscopic  structure  of 
the  Stromatoporida  (Quart.  Joum.  Geol.  Soc.  vol.  xxxv.  p.  53, 1879), 
expressed  the  opinion  that  the  fossil  described  by  Billings  under  the 
BBOADB  in. — ^TOL.  II. — xfo.  xn.  84 
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name  of  Stromatopora  eompacta  is  not  referable  to  the  Stromatopo- 
roids.  He  states  that  it  <'  consists  of  very  minute  hexagonal  tubes, 
with  extremely  thin  walls  and  well-developed  tabulse,  which,  from 
their  strong  development  and  continuity,  give  in  some  specimens  an 
appearance  of  concentric  lamination."  8ir  William  Dawson  regards 
the  fossil  as  referable  to  Stenopora  (i.e.  to  the  Monticuliporoids). 

Lastly,  Mr.  A.  H.  Foord  has  described  (Contrib.  Micro.  Pal.  SiL 
Rocks,  Canada,  Geol.  Survey,  1883,  p.  24)  a  variety  of  this  peculiar 
fossil  under  the  name  of  Tetradium  Feachti,  var.  Canadense,  Foord, 
which  differs  from  the  British  form  in  having  thicker  and  more 
wavy  tube-walls.  Mr.  Foord  did  not  observe  any  tabulss  in  his 
specimens,  and  suggested  that  the  species  should  be  removed  from 
the  genus  Tetradium. 

So  far  as  we  are  awGure,  the  above  are  all  the  published  notices  of 
this  singular  fossil,  the  forms  described  as  Tetradium  Feachii  by  us, 
as  T.  Feachii,  var.  Canadense,  by  Foord,  and  as  Solenopora  spongioidet 
by  Dybowski  being  specifically  identical  with  the  previously-named 
Stromatopora  eompacta  of  BUlings.  We  have  long  known  that 
Solenopora  spongioides,  Dyb.,  was  the  same  as  our  Tetradium  Peachiif 
but  we  are  indebted  to  our  friend  Mr.  Foord  for  having  pointed  out 
to  us  that  the  Stromatopora  eompacta  of  Billings — which  we  had  not 
seen — was  really  the  same  organism.  As  it  is  quite  certain  that  this 
fossil — whatever  its  true  nature  may  be — cannot  be  referred  to  either 
Tetradium,  Dana,  or  Stromatopora,  Goldf.,  we  shall  retain  for  it  the 
generic  name  of  Solenopora  proposed  for  it  by  Dr.  Dybowski.  The 
species,  will,  therefore,  stand  as  Solenopora  eompacta,  Bill.  sp.  Mr. 
Foord's  varietal  name  of  "  Canadense "  can  hardly  be  retained,  as 
the  Canadian  specimens  are  the  type  of  Billings's  species.  On  the 
other  hand,  Mr.  Foord  was  quite  correct  in  pointing  out  that  the  Scotdi 
specimens  differ  in  some  respects  from  the  Canadian  type,  and  we 
may,  therefore,  retain  for  these  the  varietal  name  of  ''Feachii," 
The  Russian  examples,  again,  appear  to  agree  in  all  essential  respects 
with  the  Canadian  specimens.  To  this  rectification  of  nomenclature 
we  may  append  the  following  brief  remarks  on  the  structure,  affinities, 
and  geological  distribution  of  this  very  remarkable  organism. 

Solenopora  eompacta.  Bill,  sp.,  in  all  its  varieties,  presents  itself  in 
the  form  of  smaller  or  larger  subspherical  masses,  from  the  size  of 
a  hempseed  up  to  the  dimensions  of  an  orange,  the  external  surface 
being  usually  lobulate.  Even  under  a  good  lens,  no  actual  structure 
can  usually  be  detected  as  present  in  the  surface  itself,  but  it  is 
common  to  find  indications  of  a  more  or  less  obvious  composition 
out  of  ooncentrically  -  disposed  strata.  Fractured  surfaces  have  a 
characteristic  poroellanous,  sometimes  obscurely  fibrous  aspect,  and 
are  usually  white  or  light  brown  in  colour.  Thin  sections  show 
that  the  fossil  is  composed  of  very  minute  capillary  tubes,  which  are 
in  close  apposition,  diverge  slightly  from  a  central  line,  and  are  com- 
monly interrupted  in  their  growth  in  such  a  way  as  to  give  rise  to  a 
concentric  lamination  of  the  skeleton.  The  tubes  are  from  a  fifteenth 
to  a  twelfth  of  a  millimetre  in  diameter,  and  are  not "  prismatic  '* 
or  "  hexagonal/*  but,  as  shown  by  tangential  sections  (PI.  XIII.  Fig.  3), 
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of  very  i rregular  shape.  The  walls  of  the  tubes  are  singularly  sinnated, 
or  folded  into  minute  undulations  (PL  XIII.  Fig.  2),  reminding  us  of 
what  is  seen  in  long  sections  of  Monotrypa  undulata,  Nioh.,  and  other 
allied  forms.  One  of  the  most  striking  features  shown  by  thin 
sections  is  the  rapid  increase  of  the  tubes  by  fission.  This  shows 
itself  in  tangential  sections  by  the  common  occurrence  of  projecting 
septa-like  processes,  which  extend  into  the  interior  of  the  tubes 
(PL  XIIL  Figs.  3,  5-8).  It  was  the  appearance  of  these  septiform 
processes  which  originally  induced  us  to  refer  the  fossil  to 
Tetradium;  aad  the  number  of  them  which  may  be  present 
varies  greatly.  Sometimes  they  can  hardly  be  recognized  as  existing 
at  alL  At  other  times  (PL  XIIL  Fig.  3)  they  occur  in  scattered  tubes, 
here  and  there  among  the  ordinary  tubes,  as  is  so  commonly  seen 
in  the  genus  Chatetes,  Fischer.  Again,  in  many  of  the  specimens 
from  Ayrshire  and  Esthonia,  these  structures  are  extraordinarily 
numerous  (PL  XIIL  Figs.  7,  8),  giving  to  cross-sections  of  the 
tubes  precisely  the  appearance,  on  a  small  scale,  presented  by  cor- 
responding sections  of  the  tubes  of  Zaceripora,  Eichw.  The  fissipa- 
rous  development  of  the  tubes  of  Solenopora  compacta  is  quite  as 
easy  to  recognize  in  longitudinal  sections  (PL  XIII.  Fig.  2),  as  it  is 
in  tangential  slices. 

Cross-partitions  in  the  tubes,  or  "tabulae,"  are  unquestionably 
present ;  but  they  are  very  variable  in  number.  We  have  seen  no 
examples  in  which  they  are  so  abundant,  or  so  regularly  placed,  as  ihey 
are  said  by  Sir  William  Dawson  to  be  in  some  of  his  specimens.  In 
sections  of  some  of  our  examples  especially  if  they  are  reduced  to  great 
tenuity,  they  are  not  to  be  recognized  as  occurring  at  all.  In  most 
specimens  there  are  a  few  of  these  structures  present,  irregularly 
developed,  and  commonly  situated  at  the  point  where  a  tube  divides 
into  two  (PL  XIII.  Fig.  2),  or  where  a  concentric  line  of  growth  is 
produced  (PL  XIII.  Fig.  9).  The  walls  of  the  tubes,  as  examined  in 
long  sections,  are  certainly  imperforate.  Certain  specimens,  how- 
ever,  show  a  peculiar  granular  structure  of  the  walls,  which  in  some 
respects  is  very  similar  to  what  is  observed  in  the  skeleton-fibre  of 
certain  Stromatoporoids.  In  a  great  many  examples,  further,  the  tubes 
as  seen  in  long  sections  (PL  XIII.  Figs.  2  and  4)  exhibit  a  peculiar 
appearance,  as  if  the  walls  were  formed  of  dark,  ill-defined  granules 
arranged  in  transverse  lines,  these  lines  corresponding  in  contiguous 
tubes,  and  being  separated  by  corresponding  clear  lines,  and  thus 
giving  rise  to  a  fine  concentric  striation.  The  appearance  here 
alluded  to  is  not  at  all  unlike  that  presented  by  thin  sections  of  the 
massive  Nullipores,  when  the  component  cells  may  not  be  very 
distinctly  shown :  but  we  shall  speak  more  particularly  of  this  point 
immediately. 

The  above  being  the  general  structure  of  the  skeleton  in  Soleno- 
pora, it  does  not  seem  unnatural  that  it  should  have  been  referred 
to  the  Actinozoa.  There  is  not,  in  fact,  anything  whatever  in  the 
main  features  of  the  fossil  which  would  obviously  distinguish  it 
from  a  species  of  the  genus  Chatetes,  Fischer,  or  Tetradium,  Dana. 
Tangential  sections  of  certain  specimens  of  Solenopora  compacta,  Bill., 
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present — the  size  of  the  oomponeat  tubes  apart — ^the  closest  possible 
resemblance  to  corresponding  sections  of  Chatetes,  while  others 
exhibit  a  strong  likeness  to  Tetradium,  The  extraordinarily  minute 
size  of  the  tabes  of  Solenopora  would,  however,  certainly  render  it 
improbable  that  we  had  to  deal  with  a  species  of  Chmtete$  or  Teira- 
dtum.  Indeed,  upon  this  ground  alone,  if  might  be  considered  as 
seriously  doubtful  if  Solenopora  could  be  referred  to  the  Actinozoa  at 
all.  If  it  be  Coelenterate,  it  would  perhaps  more  properly  find 
a  place  among  the  Hydrozoa  rather  than  the  Actinozoa.  We  are  not, 
however,  acquainted  with  any  Hydrozoon,  living  or  extinct,  with 
which  Solenopora  could  be  compared.  It  shows  no  features  in  its 
minute  structure  which  remind  us  of  the  Hydrocorallines,  and  it 
assuredly  presents  no  structural  resemblance  to  any  known  type  of 
the  Stromatoporoidea. 

The  only  other  direction  in  which  one  might  look  for  the  true 
place  of  Solenopora  is  among  the  calcareous  Algse.  In  its  external 
appearance,  in  its  general  texture,  and  in  the  aspect  of  fractured 
surfaces,  it  presents  a  remarkable  similarity  to  the  massive  forms  of 
the  Nullipores  (LUhothamnion),  In  all  the  Nullipores,  however,  aa 
in  the  AlgSB  generally,  the  minute  structure  of  the  organism  is 
essentially  cellular  and  not  tubular.  In  none  do  we  find  the  long 
capillary  tubes,  with  their  transverse  tabulas  and  fissiparous  mode 
of  growth,  such  as  are  characteristic  of  Solenopora.  Moreover,  if 
an  argument  against  the  reference  of  Solenopora  to  the  Goelenterata 
be  founded  upon  the  fact  that  its  tubes  are  much  more  minnte  than 
those  of  any  known  Actinozo5n  or  Hydrozo5n,  th6  same  argument 
may  be  reasonably  employed,  in  an  opposite  direction,  as  against  a 
reference  of  Solenopora  to  the  calcareous  Algsd.  In  other  words,  the 
minute  structure  of  Solenopora  is  as  much  grosser  than  that  of  the 
Nullipores,  as  it  is  finer  than  that  of  the  Coelenterates  generally. 
This  will  be  seen  by  a  reference  to  PI.  XIII.  Figs.  10  and  11,  which 
represent  sections  of  a  living  Nullipore  on  the  same  scale  of  enlai^ge- 
ment  as  the  Figures  4  and  5  of  Solenopora,  This  difference  may  be 
roughly  put  in  this  way,  that  while  a  two-inch  objective  is  sufficient 
for  a  general  examination  under  the  microscope  of  a  thin  section  of 
any  species  of  Chatetes  or  Tetrodtum,  one  requires  a  one-inch 
objective  in  order  to  clearly  make  out  the  structure  of  a  similar 
section  of  Solenoporaj  and  one  cannot  recognize  the  characteristic 
structure  of  a  section  of  a  Nullipore  with  a  lower  power  than  a 
quarter-inch  objective. 

In  deciding,  however,  as  to  any  possible  relationship  between 
Solenopora  and  the  calcareous  Algaa,  it  is  necessary  to  consider  more 
minutely  certain  points  in  the  structure  of  this  curious  fossiL  Most 
examples  of  Solenopora  compacta  show  concentric  lines  of  growth, 
which  differ  in  no  essential  particular  from  those  of  many  "  Tabulate 
Corals  "  {e,g,  species  of  Monotrypa,  Sienopora,  Chatetes,  etc.).  That 
is  to  say,  their  growth  was  inteiTupted  by  periodic  pauses,  si^alized 
commonly  (though  not  necessarily)  by  a  simultaneous  development 
of  tabulsB,  the  same  tubes  subsequently  continuing  their  upward 
growth  (PL  XIII.  Fig.  4). 
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In  all  speoimenSy  however,  of  Solenopora,  which  are  well  preserved, 
we  can  recognize  in  addition  a  numb(Br  of  clear  ooncentrio  lines  of 
a  different  kind.  These  lines  can  be  examined  in  longitudinal 
sections,  and  they  differ  from  ordinary  lines  of  growth  in  several 
points.  In  the  first  place,  concentric  lines  of  growth  are  mere 
stoppages  of  the  tubes  at  a  given  level  over  the  whole  fossil,  and  they 
are  marked  either  by  an  interruption  of  the  tubes  at  this  level,  or, 
commonly,  by  a  concentric  line  of  tabulsa.  On  the  other  hand,  the 
concentric  lines  in  Solenopora  to  which  we  allude  are  concentric  clear 
lines  of  calcite,  which  are  extraordinarily  dose-set,  and  are  placed  at 
uniform  distances.  In  this  last  respect,  they  are  quite  unlike  ordinary 
concentric  lines  of  growth,  these  being  of  such  a  form  that  they  are 
placed  at  their  widest  distances  apart  in  the  middle  of  the  skeleton 
(where  the  skeleton  is  thickest),  and  approximate  to  one  another 
towards  the  margins  of  the  same.  Moreover,  in  very  well-preserved 
specimens  it  can  be  shown  in  properly  prepared  longitudinal  sec- 
tions that  these  concentric  clear  bands  in  Solenopora  are  the  result 
of  an  apparent  interruption  or  deficiency  of  all  the  tubes  at  a  series 
of  concentric  and  corresponding  horizons  (PI.  XIII.  Fig.  4).  This 
appearance  is  particularly  well  shown  in  some  sections  of  Solenopora 
compacta  from  the  Trenton  Limestone  of  Ontario,  which  our  friend 
Dr.  Oeorge  J.  Hinde  was  good  enough  to  place  at  our  disposaL  It 
follows  from  this  that  the  clear  concentric  bands  of  Solenopora  are 
not  of  the  nature  of  concentrically  disposed  tabulsB ;  but  that  they 
are  rather  similarly  disposed  deficiencies  in  the  walls  of  the  tubes. 

It  would  be  a  very  natural  hypothesis  that  we  had  to  deal  here 
with  a  structure  resembling  that  of  a  recent  Nullipore,  but  in  an  im- 
perfectly preserved  condition.  We  might,  namely,  suppose  that  we 
had  in  Solenopora  really  to  deal  with  a  structure  composed  of  oblong 
cells  arranged  in  regular,  concentrically  and  vertically  disposed  rows, 
such  as  we  see  in  both  living  and  extinct  Nullipores  (PI.  XIII.  Fig. 
10).  All  that  we  should  have  to  suppose  is  that  the  cell-nudei  had  dis- 
appeared in  the  process  of  mineralization,  and  that  the  cell-walls  had 
only  been  preserved  in  parts;  those  walls  which  have  a  vertical  direc- 
tion being  well  preserved,  and  therefore  showing  as  dark  lines ; 
while  the  cell-walls  having  a  horizontal  or  concentric  arrangement 
are  badly  preserved,  and  only  appear  as  clear  spaces.  Some  coun- 
tenauce  is  given  to  this  view,  as  a  possible  one  at  any  rate,  by  the 
not  uncommon  occurrence  of  specimens  of  HeUoUtes  and  other 
similar  corals  so  preserved  that  the  tabulss  remain  as  distinct  dark 
lines,  while  the  walls  of  the  corallites  and  interstitial  tubes  are  so 
badly  preserved  as  to  be  almost  or  quite  invisible.  There  are,  how- 
ever, two  serious  difficulties  in  the  way  of  accepting  any  such  ex- 
planation of  the  observed  structure  of  Solenopora  compacta. 

In  the  first  place,  even  those  specimens  which  most  clearly  exhibit 
these  close-set  concentric  clear  lines  which  we  have  described,  at  the 
same  time  show  in  parts  of  long  sections  no  traces  of  such  clear  lines, 
or  of  dark  lines  appearing  instead  of  such.  In  all  specimens,  the  tubes 
in  places  appear  to  have  continuous  walls,  without  any  concentrically 
developed  interruptions.     In  the  second  place,  tangential  sections  of 
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all  speoimens  alike  not  only  show  no  traces  whatever  of  any  oonoen- 
tric  clear  bands,  or  of  any  interruptions  in  the  walls  of  the  tubes ; 
but,  so  far  we  can  judge,  exhibit  appearances  absolutely  incompatible 
with  anything  except  the  eross-sectioM  of  tubes. 

Upon  the  whole,  therefore,  while  admitting  our  inability  to 
adequately  explain  the  peculiar  appearances  above  described  as 
seen  in  long  sections  of  many  examples  of  Solenopora,  we  do  not 
think  that  these  appearances  afford  sufficient  evidence  for  concluding 
that  the  true  structure  of  the  fossil  is  cellular.  If  evidence  can  Iw 
obtained  proving  decisively  the  existence  of  a  cellular  structure 
in  Solenopora^  then  the  reference  of  the  genus  to  the  calcareous 
Algsd  would  follow  as  a  matter  of  course.  In  the  absence  of  such 
evidence,  we  can  only  leave  the  question  of  the  affinities  of  the 
genus  quite  open. 

The  only  remaining  point  upon  which  we  may  say  a  few  words 
is  the  geological  range  of  Solenopora  compacta ;  the  species  being 
remarkable  not  only  for  ita  wide  distribution,  but  also  for  the  con- 
stancy with  which  it  presents  itself  at  a  particular  horizon.  In 
North  America  it  occurs,  apparently  in  great  abundance,  in  certain 
parts  of  the  Trenton  and  Black  Eiver  Limestones.  In  Scotland, 
it  is  found  in  the  Ordovician  limestones  of  Craighead,  near  Girvan, 
which  we  have  elsewhere  paralleled  with  the  upper  portion  of 
the  Trenton  Limestone  (Mon.  Sil.  Foss.  Girvan,  p.  96).  In 
Eussia  it  was  obtained  by  Dr.  Dybowski  from  HerrkuU,  in  beds 
of  Ordovician  age  ("  Borckholm  beds "  of  Friedrich  Schmidt).  It 
has,  however,  recently  been  collected  by  one  of  us,  in  great  quantity, 
in  still  lower  beds  in  Esthonia,  namely  in  the  limestones  of  Saak, 
south  of  Eeval.  These  limestones  are  placed  by  Magister  Schmidt 
in  the  upper  portion  of  the  "  Jewesche  Schichten,'*  and  correspond, 
therefore,  with  the  Trenton  Limestone  of  North  America.  At  this 
locality,  Solenopora  compacta  not  only  occurs  as  detached  specimens 
of  all  sizes,  but  it  also  makes  up  almost  entire  beds  of  limestone, 
most  of  the  examples  being  in  this  case  of  comparatively  small 
dimensions.  Indeed,  some  of  the  bands  of  limestone  at  Saak  look 
like  amygdaloidal  lavas ;  while  others  have  a  cellular  appearance, 
from  the  dissolution  out  of  them  of  the  little  pea-like  skeletons 
of  this  fossil. 

Apart,  therefore,  from  the  question  of  its  affinities,  Solenopora 
compacta  must  be  regarded  as  remarkable  both  for  its  very  wide 
geographical  range,  and  also  on  account  of  its  being  highly  charao- 
teristio  of  a  definite  geological  horizon.  As  before  mentioned, 
however,  there  are  certain  differences  which  separate  the  Scotch 
examples  of  the  species  from  those  found  in  other  regions.  The 
type  of  the  species  must  be  held  to  be  the  Canadian  examples,  since 
it  was  upon  these  that  Billings  founded  his  Stromatopora  compacta. 
With  the  Canadian  examples,  the  Bussian  examples  appear  to  agree 
in  every  particular.  On  the  other  hand,  the  tubes  in  the  Ayrshire 
specimens  are  decidedly,  and  apparently  constantly,  larger  than  those 
of  the  Canadian  and  Russian  examples,  their  general  structure  being 
otherwise  the  same.     This  difference  will  be  seen  by  comparing  the 
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tangential  seotion  of  an  Ayrshire  example  of  Solenopora  compacta 
(PL  XIIL  Fig.  3)  with  a  correspondiDg  section  of  a  Bussian  specimen 
(PI.  XIII.  Fig.  6),  the  two  being  drawn  to  the  same  scale.  As  above 
said,  the  Canadian  specimens  and  the  Bossian  are  in  this  respect 
alike.  It  may,  therefore,  be  as  well  to  consider  the  Ayrshire 
specimens  as  constituting  a  variety  of  the  species  under  the  name  of 
Solenopora  compacta,  var.  Feachii. 

EXPLANATION  OP  PLATE  XIII. 

Pio.  1.    An  example  of  Solenopora  ewnpaeta^  Bill,  sp.,  from  the  Ordovician 

Limestone  of  Saak,  Esthonia.    Natural  size. 
„  2.    Vertical  section  of  a  specimen  of  SoUnopora  eompaeta^  var.  PeaeMi, 

Nich.  and  Eth.  Jun.,  from  the  Ordovician  Limestone  of  Craighead, 

Girran.    Enluged  about  fifty  times. 
„  3.    Tangential  section  of  the  preceding,  similarly  enlarged.     Both  these 

sections  show  the  fissiparous  development  of  the  tubes. 
„  4.    Part  of  a  long  section  of  a  specimen  of  Solenopora  eompaeta^  Bill., 

from  the  Trenton  Limestone  of  Prince  Edward's  County,  Ontario. 

^Ooll.  Br.  George  J.  Hinde.)    Enlarged  about  one  hundred  and 

nfty  times,  and  showing  the  curious  concentric  banding  of  the  fossil. 
„  5.    Taugential  section  of  the  preceding  specimen,  similarly  ^ar^. 

„  6.    Tanfi^tial  section  of  a  specimen  from  Saak,  Esthonia.    Enlarged 

fifty  times. 
„      7,    8.    Tangential  sections  of  another  specimen  from  Saak,  showing  different 

conditions   of   preservation   of   the  walls.    Both  sections  show 

numerous  septilorm  processes  due  to  the  fission  of   the  tubes. 

Enlarged  one  hundrecTand  fifty  times. 
,,  9.     Part  of    a  vertical  section  of  Solenopora   eompaetay   var.  Feaehii^ 

enlarged  fifty  times,  showing  a  true  concentric  line  of  growth. 

Craignead,  Girvan. 
„  10,  11.    Yertical  and  tangential  sections  of  a  recent  Nullipore,  enlarged  one 

hundred  and  fifty  times. 


II. — Notes  on  the  Cabbonifebous  Ost&aooda  of  the  North- West 

OF  England. 

By  Professor  T.  Bupb&t  Jones,  F.B.S.,  and  Jambs  W.  Kibxbt,  Esq. 

Intboduotiok. 

THE  following  notes  and  lists  of  species  are  based  upon  material 
oollected  by  one  of  ns  during  several  visits  to  the  neighbourhood 
of  Grange-over-Sands,  Lancashire.  They  are  here  recorded  because 
they  add  a  little  to  what  is  known  of  the  distribution  of  Bivalved 
Entomostraca  in  the  North- West  of  the  English  area  during  the  early 
half  of  the  Carboniferous  Period. 

The  localities  from  which  we  obtained  our  material  range  over 
part  of  the  Fumess  district,  and  the  country  to  the  north  and  north- 
west of  Moreoambe  Bay.  Most  of  this  is  in  North  Lancashire,  but 
a  portion  of  it  lies  in  Westmoreland.  The  Sheets  98  S.E.,  98  S.W., 
and  91  N.W.  of  the  One-inch  Map  of  the  Oeological  Survey  take  in 
nearly  the  whole  of  this  region. 

The  Carboniferous  strata  here  represented  are  the  Scar-  or  Mountain- 
Limestone  and  the  Yoredale  rooks.  A  little  further  to  the  west,  in 
the  valley  of  the  Luue,  the  Millstone-grit  and  Coal-measures  come 
in ;  but  these  we  have  not  seen,  llie  localities  are  therefore  all  in 
the  lower  half  of  the  Carboniferous  series. 

The  Scar-limestone  is  about  1000  feet  in  thickness,  and  is  finely 
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exposed  in  most  parts  of  the  district,  in  both  natand  and  artificial 
sections.  Generally  speaking  it  is  not  rich  in  fossils ;  and,  when 
they  are  present,  they  are  diffioult  to  extract  owing  to  the  hardness 
of  the  rock.  Hence,  with  one  exception,  the  Ostracoda  have  not 
been  obtained  from  the  limestone  itself,  but  from  the  shaly  partings, 
or  intercalated  thin  beds  of  shale,  that  are  occasionally  (though  rarely) 
present  in  it  Most  of  these  more  argillaoeous  bands  appear  to  come 
in  near  the  base  of  the  Limestone,  as  at  Amside,  Sandside,  and 
Heversham ;  but  there  is  one  bed  (perhaps  more)  of  shale  some- 
where near  its  centre,  as  at  Eendal,  Kent's  Bank,  and  Stainton. 
In  one  locality,  near  Storr  Moss,  the  limestone,  jnst  beneath  the  turf, 
was  somewhat  decomposed  and  pretty  full  of  Entomostraca,  which 
were  easily  got  out. 

The  Toredale  rocks  are  not  well  seen,  and  we  have  been  able  to 
examine  only  one  good  natural  section  of  them  (Holker  Park).  In 
Fumess,  where  they  have  been  proved  to  be  of  considerable  thickness, 
they  are  usually  covered  by  superficial  deposits,  and  thus  not  easily 
to  be  got  at,  except  where  brought  to  the  surface  by  the  sinking  of 
ironstone-pits  and  wells,  or  where  quarries  and  railways  have  cat 
into  them.  The  presence  of  this  series  of  beds  in  Fumess  was,  we 
believe,  first  noticed  by  the  Survey  Geologists ;  and  it  may  be  here 
mentioned  that  the  maps  and  memoirs  which  they  have  published  on 
this  region  have  been  of  considerable  service  to  us  in  examining  the 
district  for  Ostracoda. 

In  working  the  shales  for  these  microzoa,  we  have  followed  the 
usual  method  of  washing  (or  boiling)  away  the  earthy  matter  from 
the  organic  contents  of  the  different  samples  collected,  and  sorting 
what  is  left  by  sifting,  preparatory  to  picking  out  the  Entomostraca 
with  a  watch-maker's  lens  and  sable  pencil. 

Besides  Ostracoda,  most  of  our  washings  contain  Foraminifera ; 
and  some  of  those  from  the  Yoredale  rocks  are  rich  in  Polyzoa ;  *  the 
latter  especially  in  the  shales  from  Holker  Park  and  Gleaston  Castle. 

The  marks  *  and  **  prefixed  to  the  species  in  the  following  lists 
indicate  their  relative  local  abundance. 

I. — LOOAUTIBS   IN   THE   SOAB-LlMKSTOME. 

1.  Amside. — The  best  locality  we  have  met  with  for  Ostraoods  in 
the  Scar-limestone  is  near  to  Amside,  where  what  appears  to  be 
the  lowest  beds  of  the  series  come  up,  on  the  shore,  half  a  mile  to 
the  west  of  the  village.  These  beds  have  shaly  partings,  and  in  some 
places  become  decidedly  argillaceous  in  character.  From  various 
washings  of  the  softer  portions  we  have  obtained  the  following 
species, — associated  with  Foraminifera,  Polyzoa,  Crinoids,  and  a  few 
Brachiopods : — 


*Leperditia  Oheni  (Miinster). 
X.  tubordieulata  (Miinster). 
X.  oblongn^  J,  &  K. 
X.  acuta*  J.  &  K. 
X.  obetaj  tp.  nov.  MS. 


^Beyrichia  crmterigera^  G.  S.  Brady,  MS. 

^ICirkbya  umbonata  (D*£ichwald}. 
K.  trtcollina^  sp.  nov.  MS. 
'^CythtreUa  vahda,  J.  E.  &  B. 


1  The  Polyzoa  met  with  have  been  handed  to  Mr.  G.  K.  Vine. 
•  This  was  originally  published  as  X.  Ok^tii.  var.  aeuta ;  bnt  we  i 
give  this  and  some  other  forms  a  specific,  instead  of  a  varietal  standing. 
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•CythereUa  $erobiouUtta,  JT.  E.  &  B. 
^Cy there  /  *  euTuoia,  Jones  &  Kirkby, 

C,  ?  ^  gyripunetata^  sp.  hot.  MS. 

£ythocypritFhiUiptiaHat  JonesAHoU, 
var.  earbmiea^  noY. 

ArgiUaeia  agualis,  J.  &  E. 

Maeroeypris  Jonesiana,  Kirkby. 


**Bairdia  Hmngeri  (Miinster). 
•^.  ewta,  14*Coy. 
*B.  plebeia,  Reuss,  var. 
B.  ampla,  Reuss. 
B.  brevis,  J.  &  K. 
*B.  tubelongaia,  J.  &  K. 
**^.  iubmuenmata,  J.  &  K.,  and  yar. 


2.  Sandside. — The  species  given  below  are  from  soft  shaly  partings 
in  the  limestone  that  is  exposed  on  the  roadside  between  Sandside 
Station  (Kendal  Branch  of  the  Farness  Railway)  and  Arnside, 
southward  of  the  bridge  that  carries  the  road  over  the  line.  Ento- 
mostraca  are  moderately  plentiful,  and  are  associated  with  a  few 
Crinoids  and  other  fossils. 


•Cythere  t »  cuneoJa,  J.  &  K.  MS. 

Bytkoeypria  bilobata  (Miinst.^.  ^ 

Cythere  f  *  subreniformie,  Kirkb*y. 
**Bairdia  Hmngeri  (MQnst.). 

B,  plebeia^  Reuss,  var. 
^B,  tubelongataf  J.  &  K. 

B.  amputata,  Kirkby. 

3.  Hevershatn, — In  a  cutting  on  the  Kendal  Branch  of  the  Fumess 
Bail  way.  From  shaly  partings  of  a  dark-grey  limestone,  apparently 
low  down  in  the  Scar-limestone.  The  fossils  associated  are  Corals, 
Crinoids,  and  Brachiopods.     Entomostraca  are  rather  rare. 


Leperditia  Okeni  (Milnst.). 
X.  sp. 

Kirkbya  umhonaia  (B'Eicbw.). 
K,  eottata  (M'Coy). 
•CythereUa  valida,  J.  K.  &  6. 
C.  aerobieulata,  J.  K.  &  B. 
a  recta,  J.  K.  &  B. 


Leperditia  Okeni  (Milnst.). 
Kirkby  umbonatm  (D'Eichw.). 
K.  coatata  (M'Coy). 
•Cytherella  validOy  J.  K.  &  B. 
C,  eerobieulata,  J.  K.  &  B. 


Cythere^  f  euneola,  J.  &  K.  MS. 
^Bairdia  Hieingeri  (Milnst). 

B.  plebeiay  Reuss,  var. 
*B.  ettdmucronata,  J.  &  K. 


4.  Ketilewell  Quarry,  Kendal — Our  attention  was  kindly  directed 
to  this  locality  by  Mr.  Severs,  of  Kendal.  The  quarry  is  on  the  hill 
a  little  to  the  north-west  of  the  town,  where  the  limestone  has  been 
worked  for  lime-burning.  A  bed  of  shale,  a  foot  or  so  thick,  is  here 
exposed,  and  in  it  the  remains  of  Ostracoda  are  not  at  all  rare, 
though  badly  preserved.  The  four  following  species  have  been 
determined;  some  specimens,  which  we  cannot  make  out,  may 
represent  other  forms. 

leperditia  Okeni  (MilnsO.  I      Cytherella  v^iida,  J.  K.  &  B. 

Beyriehia  radiata,  J.  &  K.  |      Bairdia  eubmuoronataf  J.  &  K. 

5.  Meathop. — This  locality  is  just  to  the  north  of  the  Orange  Gas« 
works,  by  the  side  of  the  road  to  Meathop,  where  the  limestone  cliff 
is  occasionally  quarried  for  road-metal.  The  lower  beds  have  argil- 
laceous partings,  one  of  which  swells  into  a  bed  of  shale  fully  a 
foot  thick.  This  evidently  local  bed  is  filled  with  the  remains  of 
Kirkbya  spiralis,  J.  &  K.,  along  with  a  few  valves  of  Leperditia 
Okeni  (Milnst).  No  other  fossils  have  been  noticed ;  nor  have  we 
observed  these  or  other  Entomostraca  elsewhere  hereabouts. 

6.  North  of  Storr  Moss,  Silver  dale. — In  limestone  just  to  the  north 
of  Storr  Moss,  as  seen  by  the  side  of  the  road  from  Silverdale  to 
Yealand-Redmayne,  and  about  a  mile  from  the  railway  station.    Just 

^  The  g^enerio  lelationsbip  of  the  species  thus  marked  in  these  lists  is  doubtful  as 
yet ;  certmly  they  are  not  true  Cythera, 
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under  the  turf  the  limefltone  is  rather  rotten,  and  full  of  Corals  and 
Molliisca ;  Ostracods  also  are  plentifal,  and  as  follow — 

*L€perdiiia  Okmi  (Miinst/). 
*X.  Armsirongianay  J.  &  K.  MS. 

Beyriehia  radiala^  J.  &  K. 
**Kirkbya  Ftrmiana,  Jones. 

Cyther$lla  ?  r$ticulo»a^  sp.  noT.  MS. 
•Cpthere^  f  euneola,  J.  &  K. 
*Xe8toleberit  ?  suheorbuloidea,  sp.n.  MS. 

7.  KefU'a  Bank, — From  a  bed  (about  a  foot  thick)  of  very  dark, 
shivery  shale  in  the  limestone  cutting  on  the  Fumess  Bailway,  a 
little  to  the  west  of  Kent's  Bank  Station.  The  shale  is  exposed  on 
both  sides  of  the  cutting ;  also  dose  to  the  sea-shore,  immediately  to 
the  south.  The  associated  fossils  are  species  of  Prodwitus  and  other 
Braohiopods,  etc.     Osti-aoods  are  few. 


•Bythoeypru  bUolmta  (M^nit.). 

ArgiUida  agualis,  J.  &  K.  MS. 

Bairdia  BUinyeri  (Miinst). 

B,  amplu,  BeuM. 

•B.  curta,  M*Cot. 

••B.  brtvit,  J.  &  fc 


Bairdia  Sidnyeri  (Miinst). 
B.  tubmueronataf  J.  &  K. 


l4ptrditia  Okmi  (Miinst.). 
Beyriehia^  sp. 
Cytherella,  sp. 

8.  Stainion. — In  Stainton  Quarry,  a  mile  or  so  south-east  of 
Dalton-in-FumesSy  Kirkbya  Permiana  occurs  in  shaly  partings  of 
the  Scar-limestone,  associated  with  Corals. 

II. — LOOALITIBS   IN   THE   To&EDALB   KoOKS. 

1.  Humphrey  Head, — On  the  west  side  of  Humphrey  Head,  just 
to  the  south  of  the  Holy  Well,  is  about  four  feet  of  grey  shale, 
associated  with  limestone  in  thinnish  beds,  and  lying  rather  irregu- 
larly with  a  steep  dip  to  the  west  Both  shale  and  limestone  are 
fossil iferous,  and  we  take  them  to  be  Toredale  beds  faulted  down 
against  the  cliff  of  Scar-limestone  forming  this  picturesque  head- 
land.' 


Leper ditiu  Okmi  (Miinster). 

Beyriehia  radiata^  Jones  &  Eirkbj. 
•B,  P  vmtrieomii,  J.  k  K.  MS. 

Kirkbya  Fermianaj  Jones. 
*jr.  Ureiy  Jones. 

Cytherella  Bmniei^  J.  E.  &  B. 

Cythere  t  euneolay  J.  &  E.  MS. 


•C.  P  eomigera,  J.  &  E.  MS. 

Bairdia  Bininyeri  (Miinst). 
*B.  plebeia,  Eeuss. 
*B,  submUbronatat  J.  So  E. 

B.  brevity  J.  &  E. 

^.  sp. 


2.  Holker  Park, — An  interesting  section  of  the  Toredale  rocks  is 
exposed  on  the  west  side  of  Holker  Park,  just  on  the  edge  of  the 
marshland  to  the  north  of  Quarry  Flat  These  beds  consist  of 
yellow  sandstones,  shales,  and  orinoidal  limestones,  all  dipping 
sharply  about  soath-south-east  A  few  Ostracods  are  found  in  a 
dark-grey  shale  underlying  the  uppermost  limestone ;  but  they  are 
not  numerous,  and  are  very  badly  preserved.  A  little  further  to 
the  north  a  thick  calcareous  shale  comes  in  beneath  another  and 
lower  limestone.  This  shale  is  especially  rich  in  Polyzoa  besides 
other  fossils.  Twelve  species  of  Ostracoda  occur  in  it,  all  of  small 
size,  and  none  very  plentifuL 

*  See  footnote  1 ,  ante  p.  637. 

'  in  the  One-inch  Map  of  the  Geological  Surrey  no  Toredale  beds  are  shown 
here ;  but  this  is  probably  dne  to  their  having  been  only  recently  exposed. 
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Ltperditia  aeutOf  J.  &  K, 
Beyrichia,  sp. 
*Kirkbya  Urei,  Jones 
JT.  tpiuosa^  J.  &  K. 
Cytherella  vuUda  f,  J.  E.  &  B. 
C.  r6eta,  J.  K.  &  B. 


C,  terohieulata^  J.  E.  &  B. 
*6'.»  ?  <»titMoto,  J.  &  E.  MS. 
^Bairdia  plebeia^  Reuse. 

B,  brevii,  J.  &  E. 

B,  $ubelongatay  J.  &  E. 

B,sp. 


3.  Zi<^  Urswick. — At  the  waste-heaps  of  an  abandoned  ironstone- 
pit,  in  a  field  just  to  the  east  of  Little  Urswick,  Fumess,  are  quanti- 
ties of  a  light-grey  and  reddish  shale,  containing  a  few  Ostracods. 
The  shale  belongs  to  the  Toredale  series,  and  is  full  of  Crinoidal 
stems,  with  Fene$tella  and  other  Polyzoa,  and  Molluscan  fossils. 
Fragments  of  a  similar  shale  are  seen  on  some  waste  ground,  by  the 
side  of  the  road,  just  to  the  south-east  of  the  village.  This  material 
looks  like  a  very  suitable  rock  for  Ostracoda,  but  several  boilings  of 
it  have  only  yielded  the  following  species  : 


Leperditia  Oheni  (Miinst.), 
Bythocyprxt  hUobaia  (Miinst,). 
*Bairdia  pUbiiUf  Beuss. 


Bairdia  Muhelongata^  J.  &  E. 
B,  brevis,  J.  &  E. 
B.  sp. 


4.  Scales  Green,— An  exposure  of  dark  shale  is  seen  on  the  north 
side  of  the  pond  (the  water  being  low)  at  Scales  Green,  at  the  east 
end  of  the  village  of  Scales,  in  Fumess.  Crinoids  and  other  marine 
fossils  are  common  in  the  shale,  which  apparently  belongs  to  the 
Yoredale  series,  though  the  ground  is  coloured  as  Carboniferous 
Limestone  in  the  One-inch  Map  of  the  Geological  Survey.  The 
Ostracoda  are  small  and  not  very  plentiful : — 

Beyriehia  radiala,  J.  &  E. 

B.  ?  vmtricorni$,  J.  &  E. 
*Cyth^$  ?  euneoluy  J.  &  E.  MS. 
•a  f  comigera,  J.  &  E.  MS. 

6.  Gleaston  Castle. — The  species  mentioned  below  are  from  the 
shaly  partings  of  a  dark-grey  limestone  seen  in  an  old  quarry  on 
the  east  side  of  the  road  a  little  to  the  north  of  Gleaston  Castle,  in 
Fumess.  The  position  of  the  limestone  is  said  by  the  Geological 
Survey  authorities '  to  be  at  about  the  base  of  the  Yoredale  Rocks. 
The  shale  is  rich  in  fossils,  especially  in  Polyzoa. 


Bairdia  plebeia,  Beuss. 
B.  brevity  J.  &  E. 
*B.  aubmueronata,  J.  &  E. 


•Cytherella  valida,  J.  E.  &  B.  Tar. 

aJUiata^  nov. 
^Phnatura  eonemnay  ^n.  et.  sp.  n.  MS. 
*  Bairdia  Hisitiyeri  (Miinst.). 
*B.  pfebeia,  Renss. 


*B.  brevi$,  J.  &  E. 

Bairdia  mbelongata^  J.  &  E. 

B,  amphy  Renss. 
*B.  aubmueronata,  J.  &  E. 

B.  leyumen,  sp.  noT.  MS. 


6.  The  only  other  locality  where  we  have  found  Entomostraca  is  in 
pebbles  from  the  Drift,  as  seen  on  the  coast  to  the  north  of  Alding- 
ham.  In  one  of  these  Kirkhya  Ferniianay  Jones,  was  peculiarly 
abundant,  as  good  impressions.  Species  of  Cythere  and  Bairdia 
occurred  with  it 

In  the  accompanying  Table  the  distribution  of  the  species  in  the 
Scar-Limestone  and  Yoredale  Rocks  is  shown,  as  well  as  their 
occurrence  elsewhere  in  the  North  of  England  and  in  Scotland. 


^  See  footnote  1,  ante  p.  537. 

2  Explanation  of  Quarter  Sheet  91  K.W.,  p.  8. 
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Tablb  of  Spbcies  SBOwoie  rmam  Durmamov. 


Spedcs. 


LtperdUiM  Okmi  (M umter) .. 
X.  tuS^r^iemlaU  (MoDSt.)  .. 
X.  oMoiytf.  Jones  &  Kirkbj.. 
X.  Aw/0,  J.  &  K... 


X.  Armsinm^iantt,  J.  &K.  MS.. 

X.  •^eM,  ^.  nor 

Beyriehia  rmdimUy  J,  kK 

J?,  sp 

B.  craterigera^  Bradr,  MS , 

B,  vmUrieTnU,  J.  i  K.  MS 

Kirkbifa  Firmiana,  Jones    

X.  umhanata  (D*  Eichwald) 

K.  trieoliima,  sp.  noT 

K.  eottaU  (M*Cot)  

K.  tpiraiu,  J.  4  K. 

K,  Urgi,  Jones 

X  »pino*a,  J.  &  K 

Cythertlia  valuta,  J.  K.  &  B.  ... 

— ^— YarjfffUtata,  noT. 

a  ieroHeulaia,  J.  K.  &  B, 


(7.  reeta,  J.  K.  &  B 

C.  3WIW1,  J.  K.  &  B.,  Tar. 

(7.  sp 

C.  ?  reiieuhta^  sp.  nov 

Bythoeypru  bUooata  (Miinst) 

B,  FhiUipsiana,  Jones  &  Holl,  var. 

earbonica,  nor 

Argillmcia  aqualis,  J.  &  E.  MS.... 
Maeroeypri*  Jonetiana,  Eirkby  ... 
XMtoleiiris  ?  imbearbuMdet,  8p.noT 
Fhreatura  etmeinna,  gen.  &^.  nov. 

Bairdia  Hitingeri  (Miinst.) 

B.  plebeia,  Beuss. 

B.  curta,  M*Coy  , 

B.  ampla^  Beoss 

B.  brevity  J.  &  K 

.B.  tubmueronaia,  J.  &  K.    , 

J.  tubeUmgata,  J.  &  K 

^.  amputata,  Kirkbj   , 

B.  legumefiy  gp.  nov , 

Cythere  f  euneoia,  J.  &  K.  MS. .., 

0,  t  eomiyera.  J.  &  K.MS 

€,  f  gyripunetata,  sp.  nov 
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Note.  —We  hope  to  have  an  early  opportunity  of  describing  and  figuring  the  nev 
species. 

Of  this  list  24  species  ooonr  elsewhere  in  the  Carboniferous  rooks 
of  the  North  of  England.  And  28  of  them  are  known  to  us  from 
Scotland.  Two  others  (  Cytherella  ?  retietdosa  and  Bairdia  legumen) 
are  also  probably  found  there.  Five  species — Leperditia  obwi, 
Ktrlcbya  trtcollina,  Fhreatura  cotwinna,  Xestoleberiaf  subcorhuloideif 
and  Cythere  f  gyripunctata — are  new  to  us. 

^  Inclading  a  few  localities  in  Durham  and  Cumberland. 
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.  As  common  Soar-limestone  forms  the  following  may  be  taken  : — 
Leperditia  Okeni,  Kirkhya  Fermiana,  Cytherella  valida,  Bairdia 
Hisingeri,  and  B,  suhmucronata.  As  distinguishing  species,  on  account 
of  their  exceptional  occurrence  in  this  formation,  may  be  also  named 
Zeperditia  Armstrongiana,  JO.  obesaf  Beyrichia  eraterigeraf  Kirkhya 
cosiaia,  K.  spiraUs,  K,  trieoUina,  Bythocypris  hilobataf  Argillcecia 
aqualiSf  Bairdia  eurta,  as  well  as  others,  most  of  which  are  either 
confined  to  or  attain  their  maximum  development  in  the  Lower 
Carboniferous  series  of  Scotland  and  the  North  of  England. 

The  Ostracoda  of  the  Scar-limestone  are  generally  more  plentiful 
and  robust  than  those  in  the  "  Yoredales  "  above.  Bairdia  Hisingeri 
particularly  is  large  and  thick-shelled  as  well  as  common.  Cytherella 
valida  is  perhaps  the  most  abundant  of  any  form  in  the  shale  and 
shaly  partings  of  the  lowest  beds.  In  the  limestone  itself,  Zeperditia 
Armstrongiana,  Bythocypris  hilobata,  Bairdia  curia ^  and  Xestoleberis  f 
MubcorbuUndes  come  to  the  front  as  relatively  common  forms. 

In  the  Yoredale  beds  22  species  occur,  most  of  which  are  of  poor 
growth  and  scarce,  as  before  said.  Beyrichia  ventricomisy  Kirkltya 
Ureij  Cythere  f  cuneola,  Bairdia  plebeia,  and  B.  brevis  may  be  named 
as  the  prevailing  forms.  The  two  first  named,  along  with  K,  spinosa, 
Cytherella  recta,  C,  Bennieit  C.  f  comigera,  and  Phreatura  concinna,  are 
apparently  confined  to  this  formation.  All  of  these,  except  the 
last  (which  is  new),  are  well-known  forms  in  the  Carboniferous 
Limestone  series  of  Scotland,  which  formation  is  equivalent  in  part 
to  the  Yoredale  beds. 

In  conclusion,  we  may  add  that  there  is  little  doubt  but  that  more 
remains  to  be  done  in  this  district,  and  it  would  be  well  if  the  sub- 
ject were  taken  up  and  thoroughly  worked  out  by  some  one  residing 
in  the  locality. 

ni. — Observations  on  some  imperfectly  known  Madrbporaru 
FROM  THE  Cretaceous  Formation  of  England. 

By  BoBBBT  F.  Tombs,  F.G.S. 
(PLATE  XIV.) 

THE  arrangement  of  a  considerable  collection  of  Cretaceous  corals 
in  my  own  cabinet  has  been  the  means  of  identifying  some 
species  not  hitherto  recorded  as  English,  though  well  known  else- 
where, and  at  the  same  time  of  subjecting  some  others  to  a  more 
searching  examination  than  they  had  before  undergone.  The 
result  has  been  the  addition  of  the  following  genera  to  the  English 
list,  viz.  CeratotrochuB,  Pleurosmilia,  Barysmilia,  Bhizangia,  and 
Leptophyllia. 

A  very  careful  examination  of  the  corals  of  the  Bed  Chalk  of 
Hunstanton  has  brought  to  light  some  affinities  which  have  been 
wholly  overlooked,  and  which  have  occasioned  their  removal  into 
quite  a  different  genus  from  the  one  in  which  they  were  placed  by 
their  original  describer.  Similarly  the  genus  Turbinoseris,  from  the 
Lower  Greensand  of  Atherfield,  is  now  absorbed  into  an  earlier 
formed  genus. 
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A  section  of  the  Gkult  at  Folkestone  is  given,  not  from  any  new 
features  it  contains,  but  to  afford  the  opportunity  of  pointing  oat 
the  exact  stratigraphical  position  of  the  several  species  oi  Madre- 
poraria there  met  with. 

SEOnON  OP  THB  GaULT  AT  FOLKE8TOKB. 
ft.  in. 

1.  Rnbbly  yellow  Gault abont    39    0    f  Pecten,     Jstrea,     MamUes,     ^m- 

\     moniUi  OoodhaUi, 

2.  Light-coloured  mottled  Gault,with^ 
layers  of  phosphate  nodules  about  ,    .  ..         ...        »    .      • 


the  middle,  and  a  hard  seam  near  S22    0    {      k,T- 
the  bottom,  with  a  la—-  -*  t^--  '  ^     JTiUoHt. 

dules  beneath  it 


the  bottom,  with  a  layer  of  No-  J 


3.  Inoceramus  bed,  blue  Gault,  with  \  ^  .  j  ^^  ^'  ^^HT'^f^^t^f'j^ 
a  hard  seam  itt^the  middled. /  ^  ^  )     s^m- p-ochoc^athus  mUthtrrt, 

4    Nodule  bed  6  0  1  Troehocyathut  Hm-veyanut,  and  a 

4.  JXoauie  Dea 5  0  y     ^^^^  Batkyeyathut  S^tcttbyi. 


5.  Very  dark  Gault  with  a  hard  ocwu  1    7    a 
at  tne  bottom J    ' 

6.  Dark  mottled  bed   3    0 

/  Fucoids,  yttutUuSy  OervWea,  Cfra- 

7.  Light  mottled  bed,  in  the  bottom  \    g    n    )      totroehw    imignis,  SmiUtroeAw 
of  which  are  many  corals  .... ..... j  j      cylindrimty  S,  cakaratus^  LeptO' 

\      eyathut  yraeiiit, 

8.  Light  fawn-coloured  bed. .^,^      7    0      Crustacea,  i\»ma. 

y.  Very  dark  Gault 6    0      Mytihu^  Troeh6eysthm  Earveyanm. 

10.  Gault 6    0      Cyelocyathu9  Ftttoiiu 

U.  Gault,  containing  bands  of   no-  )    ^    ^ 

dules  of  sulphate  of  iron  |    o    u 

12.  Dark-coloured  Lower  Greensand,  said  to  contain  corals. 

The  foregoing  section  was  copied  by  me  from  one  in  the  possession 
of  the  well-known  collector  of  Gault  fossils,  Mr.  J.  Griffiths,  of 
Folkestone,  whose  practical  knowledge  of  the  locality  is  very  intimate. 
This  was  taken  to  the  spot,  and  made  use  of  in  fixing  the  position 
of  the  corals.  It  has  subsequently  been  correlated  with  the  one 
published  by  Mr.  Price  in  the  Quarterly  Journal  of  the  Geological 
Society .^  I  regret  that  I  did  not  consult  Mr.  Price's  section  before 
visiting  the  coral-bearing  strata  at  Folkestone,  as  I  should  have 
referred  to  it  instead  of  the  one  I  have  here  introduced.  A  great 
many  of  the  species  were  observed  in  siUk^  and  were  placed  in  the 
section  on  the  spot.  Nearly  all  the  corals  I  saw  were  in  a  thin  seam 
between  beds  number  7  and  8.  The  common  species,  Oydocyalhus 
Fittoni,  is  not,  however,  by  any  means  confined  to  the  one  bed 
mentioned,  but  has  a  vertical  range  of  nearly  fifty  feet  Probably 
also  TrochocyathuB  Harveyanus  has  a  somewhat  similar  range. 

CsBATOTBOCHUs  IN8I0NIS,  Duno.  sp.  PI.  XIV.  Fig.  6. 
Smilotrochut  mtiynit,  Dune.  Supp.  Brit.  Foss.  Cor.  pt.  ii.  p.  37,  pi.  xri.  fig.  18, 1870. 
Having  been  struck  with  the  very  great  resemblance  between  the 
Smiloirochus  inaignis  of  Duncan  and  the  Ceratotrochus  omatus  of 
M.  de  Fromentel,  I  broke  up  some  specimens  of  the  former,  from 
the  Gault  of  Folkestone,  and  ascertained  at  once,  by  the  existence  of 
^  Quart.  Joum.  GeoL  Soc.  1874,  toI.  xzx.  p.  342. 
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a  large  and  spongy  columella,  that  I  bad  very  properly  suspected 
both  of  being  representatives  of  the  same  genus.  Prof.  Duncan's 
species  mnst  therefore  be  removed  into  the  genus  Ceraiotrochus,  and 
that  genus  must  now  be  introduced  into  the  English  Coral  fauna.  The 
specific  resemblance  betv^een  the  tv^o  above  named  is  so  considerable 
that  some  suspicion  may  well  be  entertained  as  to  their  distinctness, 
but  there  are  some  particulars  in  which  they  differ.  The  English 
form  has  the  columella  smaller,  and  the  septa  and  mural  costas  are 
much  more  uniform  in  size  throughout.  Moreover,  the  single  row 
of  tubercles  which  ornaments  the  costee  in  both  species  are  much 
smaller  in  the  English  than  in  the  French  specimens.  However, 
they  are  very  closely  allied  forms,  and  the  one  may  very  possibly 
prove  to  be  only  a  variety  of  the  other. 

Tbochootathus  Wiltshirei,  Dune.     Supp.  Brit.  Foss.  Cor.  pt  ii* 
p.  34,  pi.  xiv.  figs.  10-12,  1870. 

Smilotroehui  granulatusy  Dune,  loe,  eit.  p.  36,  pi.  ziy.  fig.  17. 

The  existence  of  a  columella  in  the  supposed  Smilotrochus  inatgnts, 
and  its  consequent  removal  to  another  genus,  naturally  led  to  the 
search  for  a  columella  in  the  allied  species  Smilotrochus  grantdatus. 
The  result  was  the  discovery  of  that  part  surrounded  by  pali.  A 
subsequent  investigation  of  the  coralla  of  many  species  of  varied 
ages  satisfied  me  that  none  of  them  are  anything  more  than  immature 
examples  of  the  species  described  by  Prof.  Duncan  under  the  name 
of  Trochocyaihus  Wiltshirei, 

I  may  add  that  in  the  investigation  of  these  small  Madreporaria 
from  Folkestone,  it  is  absolutely  necessary  that  a  good  many  examples 
should  be  examined,  and  that  some  of  them  should  be  broken  up, 
otherwise  their  real  affinities  will  be  overlooked,  as  they  appear  to  have 
been  by  Prof.  Duncan. 

Some  of  the  immature  examples  of  this  species  have  so  close  a 
resemblance  to  specimens  of  the  foregoing  species,  which  are  of 
corresponding  size,  that  it  is  impossible  to  distinguish  them,  excepting 
by  ascertaining  whether  they  have  pali  or  not. 

Smilotroohtts  ?  OALOABATUS,  sp.  nov.     PI.  XIV.  Figs.  1-5. 

The  corallum  is  small,  conical,  and  the  inferior  extremity  is  pro- 
duced into  a  long  oblique  and  slender,  but  flattened,  spur,  which, 
when  complete,  has  a  ring  of  short  rootlets  at  the  end,  by  which  it 
may  perhaps  have  been  attached. 

The  mural  costae  are  distinct,  rather  large,  equal  in  size,  rounded, 
and  prominent  according  to  their  order.  They  are  continued  along 
the  spur,  quite  to  the  end.  They  have  a  single  row  of  tubercles 
along  their  central  line,  which  are  most  distinct  near  the  calice,  more 
especially  in  young  specimens.  In  the  larger,  and  therefore  older 
ones,  the  tubercles  are  nearly  obsolete. 

The  calice  is  circular,  saucer-shaped,  and  the  margin  is  rather  thin. 
1  he  septa  are  a  little  exsert  outwardly,  near  the  margin  of  the  calice, 
bat  speedily  curve  inwards  and  downwards  towards  the  fossula. 
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There  are  six  systems,  and  four  complete  cycles,  and  a  fifth  which  is 
incomplete. 

Those  of  the  first  cycle  are  long,  and  approach  very  near  to  the 
axial  space,  and  their  lateral  spines,  which  are  scarcely  ohseryahle 
near  the  wall,  gradually  increase  in  size  and  prominence  towards 
their  inner  margin,  where  they  are  much  pronounced  and  have  a 
rugged  nodular  growth.  The  septa  forming  the  second  cycle  are 
three-fourths  the  length  of  those  of  the  first,  and  are  similarly 
furnished  with  rugged  and  warty  processes  (spines  ?)  at  their  inner 
margins.  The  third  cycle  has  septa  which  are  three-fourths  the 
length  of  those  of  the  second,  and  which  have  also  similar  excrescences 
at  their  inner  margin,  and  the  fourth  is  formed  hy  septa  which  are 
scarcely  half  the  length  of  the  third,  while  those  of  the  fifth  cycle 
are  very  short,  simple,  and  irregular,  and  even  ahsent  in  some  of  the 
systems.  The  spinous  processes  of  the  septa,  which  are  confined  to 
the  first  three  cycles,  have  sufficient  prominence  and  irregularity  of 
growth  to  mix  and  form  a  loose  mass,  which  occupies  the  whole  of 
the  middle  part  of  the  calice.  There  is  considerable  irregularity  in 
the  degree  of  development  of  this  in  different  examples,  and  in  some 
of  them  it  fills  up  the  calice  so  much  that  the  cycles  are  difficult 
to  trace.  I  have  examined  fifteen  specimens  of  this  species  from  the 
Gault  of  Folkestone,  not  one  of  which  has  the  margins  of  the  septa 
uninjured,  while  the  calice  of  most  of  them  is  much  damaged  by 
pyrites.  A  single  specimen  from  the  Speeton  clay  of  Yorkshire  has 
also  come  under  my  observation.  It  is  a  small  one,  and  the  oblique 
foot  and  the  peculiar  septal  processes  are  not  greatly  developed. 

The  height  of  the  largest  specimen  I  have  seen  is  a  little  more 
than  half  an  inch,  and  the  diameter  of  the  calice  three  lines. 

It  is  with  considerable  doubt  that  I  place  this  curious  species  in 
the  genus  Smilotrochus. 

Cyolootathts  Fittont,  var.? 

Micrabacia  Fittonif  Duncan,  Suppl.  Brit.  Fobs.  Cor.  pt.  ii  p.  37,  pi.  xiv.  figs.  6>9, 

1870. 

More  than  twenty  years  ago  I  received  from  the  late  Dr.  S.  P. 
Woodward  a  small  collection  of  corals  from  the  Gault  of  Folkestone, 
in  which  was  a  specimen  which,  though  labelled  by  him  Cyclocya' 
ihu8  Fittoniy  appeared  to  diflFer  from  all  the  others  which  were 
similarly  named,  and  from  the  same  locality.  It  corresponds  in 
every  particular  with  Micrabacia  Fittoni,  Duncan,  and,  like  the 
figured  specimen,  had  the  whole  of  the  central  region  obscured 
by  stony  matter.  Fortunately  the  usually  troublesome  and  destruc- 
tive pyrites  was  absent,  and  black  and  apparently  phosphatic  lime, 
though  hard,  gave  way  to  and  was  readily  scooped  out  by  a  sharp 
steel  instrument,  and  a  deep  calice  revealed.  In  this  is  a  papillous 
columella  and  a  ring  of  pali.  These  are  seen  in  section,  and  being 
of  a  pure  white  colour,  are  very  clearly  defined  by  the  surrounding 
black  substance  with  which  the  loculi  are  filled.  Compared  with 
the  same  parts  in  Cyclocyathus  Fittoni,  they  correspond  very  closely, 
and  all  further  question  about  the  generic  affinities  of  the  spedea 
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tinder  oonsideration  is  set  at  rest.  There  is,  however,  one  pecnlia- 
rity  about  which  I  am  by  no  means  satisfied.  I  allude  to  the  single 
layer  of  dissepiments  which  is  visible  a  little  above  the  basal  ws^l, 
all  round  the  oorallum,  like  a  tabulum.  It  is  well  figured  by  Prof. 
Duncan,  who  speaks  of  it  as  consisting  of  large  synapticul».  But 
that  it  is  dissepimental  in  its  nature  I  have  not  the  least  doubt,  the 
downward  curvature  in  each  loculus  being  only  what  is  observable 
in  the  dissepiments  of  some  MonUivaliia,  though  in  that  genus  they 
are  never  arranged  so  as  to  form  a  tabulum.  I  may  also  allude  to 
the  great  flatness  of  the  whole  of  the  under  surface,  and  of  the  oostsB, 
as  well  as  the  regularity  in  the  size  of  the  latter,  as  differing  from 
the  same  parts  in  typical  specimens  of  Cyclocyathus  Fiitoni.  It  cannot, 
however,  be  considered  as  anything  more  than  a  variety  of  that 
Bpecies,  and  of  course  the  existence  of  this  second  species  of  Jlficra- 
bacia  is  inadmissible. 

Bartsmilia  tubbrosa,  Heuss.  Beitr.  Oharak.  Ereid.  Ostalpen,  p.  91, 
pi.  X.  figs.  14—16,  1854,  Deuts.  K.K.  Akad.  Wien,  vii.  PI.  XIV. 
Fig.  15. 

A  species  of  Barysmilia  from  the  Upper  Greensand  of  Haldon  has 
long  been  known  to  me.  A  specimen  in  my  own  cabinet,  though  of 
small  size,  agrees  so  nearly  with  the  description  and  figure  given 
by  Eeuss  of  Barysmilia  tvherosa^  that  there  can  be  no  doubt  as  to  its 
identity  with  that  species.  The  calices  in  this  specimen  are  rather 
more  irregular  in  form  and  are  more  closely  placed  than  they  appear 
in  the  figure  alluded  to.  The  small  size  of  this  and  the  following 
Bpecies,  compared  with  the  examples  figured  by  their  respective 
describers,  is  in  accordance  with  the  stunted  form  of  other  compound 
corals  from  the  same  locality,  though  some  of  the  simple  ones  are  of 
relatively  greater  size. 

Barysmilia  Cordibri,  M.  Edw.  and  Haime.  Ann.  des  Sci.  Nat.  Srd 
ser.  t.  X.  p.  273,  pi.  6,  fig.  4,  1849.     E.  de  From.  Pal.  Fran9. 

Polyp.  Terr.  Cretace,  p.  385,  pi.  86,  ^g.  i.  1873.  PI.  XIV.  Fig.  14. 

In  the  elevated  and  almost  cylindrical  form  of  the  peduncular  parts 
of  the  corallum,  in  the  ovoid  or  round  and  comparatively  small  size 
of  the  calices,  and  in  the  number  and  delicacy  of  the  mural  costae 
and  septa,  the  only  specimen  yet  obtained  agrees  closely  with  the 
figure  and  description  of  Barysmilia  Gordieri  of  MM.  Milne 
Edwards  and  Haime.  But  while  the  figure  above  mentioned  repre- 
sents a  corallum  of  four  inches  in  height,  the  specimen  now  before 
me  is  only  one  inch  high.  This  specimen  was  obtained  from  Haldon 
with  the  last  species.  No  locality  is  assigned  to  the  present 
species  by  MM.  Milne  Edwards  and  Haime,  but  M.  de  Fromentel, 
who  copies  their  figure,  mentions  its  occurrence  in  the  Craie  tufifeau 
of  Mamers  (Sarthe). 

Some  other  compound  corals  have  been  collected  at  Haldon,  which 
from  their  unsatisfactory  condition  cannot  be  determined,  though  I 
believe  them  to  be  new.  As  the  Haldon  corals  are  only  casts,  they 
cannot  be  trusted  when  internal  structure  is  important.  The  genus 
Haldonia  is  in  my  opinion  a  very  doubtful  one.     Specimens  in  my 
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own  collection  from  Haldon  differ  in  the  important  reepeot  of  lome- 
times  having  a  styliform  colomella,  and  sometimes  only  a  ring  of 
pali,  as  in  Prof.  Duncan's  figures. 

The  very  dwarfed  individuals  representing  the  two  speciea  of 
Barysmilia  from  Haldon  are  apparently  in  exact  accordance  with  the 
small  and  incrusting  ThamnastrcMB  from  the  same  locality. 

Oenos  Pleubosmilia,  E.  de  From.     Bull,  de  la  Soc.  Geol.  de  France, 
2nd  ser.  t  xiii.  p.  853, 1856. 

The  generic  name  Pleurosmlia  was  first  made  use  of  in  1856  by 
M.  de  Fromentel  for  a  group  of  simple  corals  having  an  elongated 
and  essential  columella,  one  end  of  which  is  united  to  one  of  the 
principal  septa,  and  the  other  end  is  free.^  The  specimens  on  which 
the  genus  was  first  founded  were  obtained  from  the  Portland  Oolite 
of  France  (Haute  Sadne),  where  a  species  of  Peplosmilia,  to  whidi 
Pleurosmilia  is  allied,  also  occurs.  In  the  subsequently  published 
Paleontologie  Fran^aise,*  the  same  distinguished  Zoophytologist  de- 
scribed and  figured  two  other  species,  under  the  names  of  Pleuro- 
smilia Neoeomiensis  and  P.  Barrottei,  both  from  the  Neocomiea 
formation  of  Chatouroupt,  Haute-Mame,  France. 

Without  entering  into  any  of  the  considerations  affecting  the 
correlation  of  the  Greensand  of  this  country  with  the  Neocomien  of 
the  Continent,  it  will  be  interesting  to  add  to  the  palsdontological 
evidence  already  known  and  recorded,  the  occurrence  in  the  Isle  of 
Wight  of  one  of  the  above-mentioned  species,  described  and  figured 
by  M.  de  Fromentel  from  the  Neocomian  strata  of  France. 

Plsubosmilia  neooomiensis,  E.  de  From.   Pal.  Fran^.  Terr.  Cretace, 
p.  375,  pL  78,  fig.  1.    PL  XIV.  Figs.  12  and  13. 

One  specimen  only  of  Pleurosmilia  neoeomiensis  has,  as  yet,  been 
met  with,  so  far  as  I  know,  and  it  was  taken  from  the  "  Pema  beds" 
of  the  Lower  Greensand  at  Atherfield,  Isle  of  Wight  It  possesses 
all  the  characteristics  of  the  species  in  a  well-marked  degree.  The 
shortness  of  the  corallum,  the  elongated  form  of  the  calice,  the  stout- 
ness of  the  septa,  and  the  rugose  epitheca,  are  peculiarities,  the 
presence  of  which  leaves  no  doubt  as  to  the  identity  of  our  English 
specimen  with  those  figured  by  M.  de  Fromentel. 

Professor  Quenstedt  has  proposed  that  the  name  Axophyllum  should 
be  substituted  for  that  of  Pleurosmilia,  but  the  latter  for  obvious 
reasons  must  be  retained. 

ASTROGOSNIA,  Sp. 

A  single  ill-preserved  specimen  of  a  small  species  of  Astroeaswa, 
which  was  obtained  from  the  well-known  locality  for  Greensand 
fossils  at  Farringdon,  has  fallen  into  my  hands.  The  base  is  quite 
flat,  and  the  upper  surface  hemispherical.  The  calices  are  crowded 
and  have  a  diameter  of  about  one  line.     It  is  not  in  a  sufficiently 

^  Bull,  de  la  Soc.  G6ol.  de  France.  2Dd  ser.  1856. 
«  Terr.  Cr6tac6  Zooph,  p.  376-6,  pi.  78. 
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good  state  of  preservation  to  admit  of  satisfactory  specific  definition, 
though  it  possesses  characters  which  do  not  correspond  with  those 
of  any  species  of  Astroccenia  which  I  have  yet  met  with. 

IsASTBiBiL  Beu8s[i]ana,  M.  Edw.  &  Haimc.     Hist.  Nat.  Corall.  ii. 

p.  628. 

UlophyUia  eriapa,  Reuss.  Denkschr.  der  Akad.  der  Wiss.  Wien,  t.  vii.  p.  106,  pi.  ii. 

fig.  6,  1864.     (Not  Milne  Edwards  and  Haime). 

In  the  collection  of  Cretaceous  Corals  in  the  British  Museum  are 
specimens  of  a  coral,  some  of  which  have  heen  obtained  from  Ather- 
field,  Isle  of  Wight,  and  others  from  Gosan.  They  are  without 
doubt  specifically  identical.  Those  from  Gosau  are  labelled  hastrcea 
Beussana,  Milne  Edwards  and  Haime,  which  is  the  UlophyUia  crispa 
of  Beuss.  The  specimens  from  Gosau  differ  however  from  the  figure 
given  by  Beuss  in  having  their  septa  denticulated.  The  septa  pass 
quite  uninterruptedly  from  one  calico  to  another,  though  there  is  a 
distinctly  elevated  line  where  the  union  of  the  calices  takes  place. 
Gemmation  occurs  freely  between,  or  just  within  the  calices,  as  in 
Isasiraa  and  Latimaandra,  The  general  aspect  of  this  coral  is  very 
much  that  of  a  Thamnastraa,  though  on  those  parts  of  the  coral lum 
where  increase  in  the  number  of  calices  has  been  the  result  of  recent 
gemmation,  a  very  Latimseandrine  appearance  is  observable. 

A  broken  specimen  shows  well-marked  dissepiments,  and  imper- 
fectly developed  pseudo-synapticulsB,  as  in  Thamnaalraa.  In  another 
specimen  there  is  an  abundance  of  well-formed  synapticulas  of  a 
similar  kind. 

Leaving  the  identification  and  nomenclature  of  this  somewhat 
obscure  species  for  future  consideration,  I  must  content  myself  with 
observing  of  the  Atherfield  specimens  that  they,  as  well  as  the  Gosau 
examples,  have  both  dissepiments  and  8ynapticul». 

ISASTRSA   NEOOOMIKN8I8,  Sp.  nOV. 

A  specimen  of  a  coral  referable  to  the  genus  IsastrcBa  forms  part 
of  the  British  Museum  collection,  and  was  obtained  from  the 
"  Crackers  beds "  of  the  Upper  Neocomian  deposits  of  Atherfield, 
Isle  of  Wight.  It  bears  some  general  resemblance  to  the  hastrcea 
profunda  of  Beuss,  but  differs  from  it  in  some  important  par- 
ticulars. The  calices  are  larger  and  shallower,  and  the  septa  of  one 
calice  pass  over  the  mural  region  and  are  continuous  with  those  of 
adjoining  calices.  So  far  as  I  can  observe,  this  does  not  occur  in  the 
species  figured  by  Beuss.     The  specimen  is  very  broadly  attached 

tby  the  whole  of  its  breadth)  to  a  large  specimen  of  Pema  Bicordeana, 
)*Orbigny.^  The  upper  surface  is  convex,  and  the  outline  consider- 
ably resembles  that  of  Isastrcea  profunda.  Around  the  outer  margin 
is  a  fringe  of  short  but  well-defined  radiating  cost«9,  indicative  of 
further  extension  of  the  corallum  over  the  surface  of  the  shell. 
The  calices  are  distinctly  polygonal,  and  where  they  are  worn,  the 
dividing  wall  becomes  very  apparent     The  septa  are  thin,  regularly 

^  I  am  indebted  to  the  kindness  of  Kr.  R.  BuUen  Newton,  F.G.S.,  for  the 
determination  of  this  shell,  and  for  other  information  which  has  enabled  me  to  give 
the  stratigraphical  position  of  the  coral  here  described. 
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denticulated,  and  some  of  the  newer  mn  into  the  older  ones.  Tbe 
oycles  are  not  traoeable  on  aoooimt  of  the  centre  of  the  oalioee  beiDg 
more  or  less  filled  up  with  extraneous  matter,  but  there  are  about 
forty  septa. 

The  oontinuitj  of  the  septa  between  the  calices  of  this  species 
gives  it  a  somewhat  ThamaaBtrcba-WV^  aspect,  which  is  suggestive  of 
the  presence  of  pseudo-sjnapticulsd.  These,  however,  I  have  been 
unable  to  detect 

Diameter  of  tbe  corallam,  about  1  incb  9  lines. 

Heigbt  of  tbe  corallom,  about  1 1  lines. 

Diameter  of  the  calioes,  from  1}  to  2  lines. 

Genus  Bhizanoia,  Edw.  and  Haime,  1848. 
TodoseriSj  Doncan,  1869. 

My  acquaintance  with  the  corals  of  tbe  Red  Chalk  dates  from 
1862,  when,  with  other  members  of  the  British  Association,  then 
met  at  Cambridge,  I  visited  Hunstanton  and  secured  a  considerable 
number  of  specimens.  At  that  time  I  observed  the  peculiarly 
expanded  base,  with  its  ragged  outline,  suggestive  of  incompleteness, 
which  characterizes  so  many  specimens.  Again  in  1876,  when  a 
considerable  collection  of  these  small  corals  came  into  my  possession, 
J  was  similarly  impressed  with  the  appearance  presented  by  tbe 
peculiar  conformation  of  tbe  base,  notwiUistanding  that  Prof.  Duncan 
had  in  the  interval  made  the  species  the  type  of  a  new  genus,  under 
the  name  of  Podoseris,  But  it  was  not  until  the  kindness  of  Dr.  W. 
Bolsche  had  furnished  me  with  specimens  of  Rhizangia  Sedgwicld, 
from  the  Cretaceous  deposits  of  (Josau,  that  the  real  aflSnities  of  the 
Hunstanton  corals  became  manifest,  and  their  identity  with  Bhizangia 
established. 

The  comparison  of  the  Hunstanton  corals  with  undoubted  examples 
of  that  genus,  besides  detecting  characters  which  have  led  to  tbe 
generic  alterations  here  made,  has  also  been  the  means  of  discovering 
some  other  peculiarities  which  deserve  mention.  The  endotheca  of 
the  species  described  by  Prof.  Duncan  under  the  names  Podoseris 
mamiWformis  and  Podoseris  elongaia  is  peculiar,  and  cannot  be 
understood  without  the  assistance  of  vertical  and  horizontal  sections. 

The  septa,  like  those  of  Cydolites  and  Leptophyllia,  are  formed  by 
vertical  trabicul»,  having  schlerenchimatous  expansions  at  regular 
intervals,  constituting  horizontal  ledges,  which  are  on  the  same  level 
on  each  side  of  the  septum,  but  are  not  opposite  those  of  other  septa, 
and  they  do  not  meet  in  the  middle  of  the  loculus.  Dissepiments 
are  present,  but  they  are  peculiarly  arranged.  At  nearly  regular 
intervals  from  the  base  of  the  corallum  upwards,  there  are  thick  and 
rudely-formed  layers  of  endotheoa.  which  are  of  a  dissepimental 
nature.  They  extend  in  all  the  loculi  across  the  whole  of  the  corallum, 
on  nearly  the  same  level,  and  are  formed  by  the  crowding  together 
of  numerous  thin  and  flat  dissepiments.  Their  position  in  the 
corallum  is  indicated  in  Prof.  Duncan's  figure  of  Bhizangia  elongata. 
(Supp.  Brit.  Foss.  Cor.  pt.  ii.  pi.  ix.  fig.  16).  Magnified  representa- 
tions of  the  same  are  also  given  in  Figiures  9  and  11  of  Plate  XIY. 
accompanying  the  present  paper. 
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So  far  as  I  have  been  able  to  observe,  there  is  no  true  wall,  only 
such  a  one  as  would  be  formed  by  the  union  of  synapticulsB  near 
the  outside  of  the  corallum.  Beyond  this  bo- formed  wall  the  ends  of 
the  septa  project,  and  unless  hidden  beneath  bands  of  irregularly 
developed  pellicular  epitheca,  synapticulaa  may  be  seen  between 
them. 

I  am  not  at  present  familiar  with  the  endotheca  of  any  species  of 
Jihizangia,  excepting  the  species  here  mentioned,  and  am  indeed 
prepared  to  learn  that  it  has  not  yet  received  attention  at  the  hands 
of  zoophjtologists.  So  far,  however,  as  may  be  gathered  from  an 
inspection  of  Uie  figures  of  some  of  the  species,  there  are  indications 
of  a  septal  structure  corresponding  with  what  I  have  above  described. 
The  denticulations  of  the  septa  of  such  species  as  Bhizangia  procurrens, 
Beuss,^  bear  but  little  resemblance  to  those  of  any  of  the  Astraida. 
They  more  nearly  correspond  with  the  denticulations  of  the  septa  of 
some  of  the  FungidcB,  and  are  probably  the  terminations  of  vertical 
trabiculsD,  loaded  by  a  synapticular  growth,  as  in  OydoUtes  and 
Leptophyllia, 

To  the  genus  PodosertB,  first  formed  for  the  reception  of  these 
Ked-Chalk  corals,  another  species  from  the  Inferior  Oolite  of  Dorset- 
shire has  been  added  by  Professor  Duncan.  This  is  Fodoseris 
constricta,  the  type  of  which  has  lately  been  in  my  hands.  The 
examination  of  it  and  of  some  other  corals  from  the  same  bed  has 
convinced  me  that  it  is  nothing  more  than  an  abnormal  form  of  a 
species  appertaining  to  an  old  and  well-known  genus. 

The  genus  SyzygophyUum  of  Reuss  appears  to  me  to  possess  some 
characters  which  are  not  wholly  inconsistent  with  those  ofRhizangia^ 
The  figures  of  SyzygophyUum  hrevis  are  by  no  means  nnlike  many 
specimens  of  Bhizangia  elongata^  and  the  description  given  by  Buess 
supplies  some  particulars  which  are  equally  consistent  with  it.  The 
broadly-attached  corallum,  the  moderately-developed  columella  with 
its  papillated  upper  surface,  the  anastomozing  septa,  and  the  toothed 
mural  costsB  (when  not  obscured  by  epitheca)  sufficiently  illustrate 
this.  The  lateral  ornamentation  of  the  septa,  and  the  endotheca, 
appear,  however,  to  differ  materially.  The  following  is  a  translation 
of  the  words  used  by  Buess : — "The  lateral  surfaces  of  the  septa  are 
united  by  numerous  thin,  very  flat,  bow-shaped,  endothecal  lamellae, 
which  form  a  large  vesicular  mesh-work.  Together  with  them  they 
bear  scattered  granular  pimples.  In  a  cross-section  of  the  corallum 
the  endothecal  vesicles  are  observed  forming  pretty  regular  concentric 
rows."  I  may  call  attention  to  the  ornamentation  of  the  septa  shown 
in  the  magnified  figure  (Fig.  86),  and  suggest  that  Uie  genus 
SyzygophyUum  is  one  which  demands  further  investigation. 

Although  I  have  myself  collected  corals  from  the  cliff  at 
Hunstanton,  I  am  unable  to  speak  of  their  precise  position  in  it. 
That  deficiency  has,  however,  been  fully  made  up  by  Professor  T. 
Wiltshire,  who  has  taken  Bhizangia  mamiUiformis  from  the  top 

^  Fobs.  Xorall  d.  OBteireiclusch-IJngaxischeii  Miooans,  Taf.  vi  fig.  1. 

'  Fobs.  Korall  dee  Osterreichisch-niigarisoheii  MiocaoB,  p.  36.  Taf.  t.  figs.  S-9. 
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to  the  bottom  of  the  Bed  Chalk,  and  Bhizangia  dangata  from  the 
middle  part  only.^ 

There  is  great  reason  for  supposing  that  the  genus  Wnzamgia 
occurs  in  the  Oolitic  strata  of  Gloucestershire.  I  have  seen  two 
condlites  attached  to  a  ThamnoBtraa  from  the  Lower  Trigonia  grit 
of  Ravensgate  Hill,  Cheltenham,  which  are  probably  referable  to 
that  genus ;  and  I  have  one  from  a  bed  of  CKolitic  gravel  between 
Cirencester  and  South  Cemey.  The  latter  is  without  doubt  a 
Bhizangia,  and  as  it  was  associated  with  other  Oolitic  corals,  it  was 
probably  derived  from  some  part  of  the  Oolitic  series. 

Bhizangia  mamilufobmis,  Dune.  sp.    PL  XIV.  Figs.  7,  8,  and  9. 

Fodoseria  mammiliformis,  Duncan.    Supp.  Brii  Foas.  Cor.  pt  iu  p.  25,  pi.  ix.  figs. 

2-16,  1868. 
The  greater  number  of  the  specimens  from  Hunstanton  consist  of 
isolated  and  worn  corallites.  A  limited  number  show  the  base  and 
its  ragged  margin,  while  in  three  instances  only  have  I  seen  the 
corallites  connected  by  the  calcified  stolon.  Not  unfrequently 
specimens  may  be  observed  attached  to  Belemnitee,  over  which  the 
thread-like  extension  of  the  stolon  is  seen.  A  short  piece  of  a 
Belemnite  now  before  me  is  so  completely  enclosed,  as  to  have  led 
in  the  first  place  to  the  supposition  that  it  was  wholly  coralline, 
until  by  an  accidental  fracture  the  unmistakeable  structure  of  the 
Belemnite  was  revealed. 

Bhizangia  slomgata.  Dune.  sp.     PI.  XIY.  Figs.  10  and  11. 
Fodoterit  eUmgata^  Duncan.     Supp.  Brit.  Fon.  Cor.  pt.  ii  p.  26,  pi.  ix.  fig.  16-17, 

1868. 
Although  this  species  so  much  exceeds  in  height  all  others  of  the 
genus,  I  cannot  detect  any  generic  differences.  Specifically  Bhizangia 
elongaia  differs  also  from  B.  mamilliformia  in  having  the  dissepiments 
placed  more  on  one  level,  that  is,  they  collectively  form  masses 
which  are  more  clearly  defined  and  more  nearly  horizontal.  In  the 
latter  species  the  layers  of  endotheca  are  more  or  less  saucer-shaped, 
and  when  the  convex  calicular  surface  has  been  rubbed  smooth  and 
polished,  they  appear  as  rings,  one  within  the  other,  having  some- 
thing the  appearance  of  wall  within  wall.'  In  Bhizangia  elongaia 
these  layers  of  dissepiments  are  seen  when  a  vertical  section  of  the 
corallum  is  made. 

Genus  Lsptophyllia,  Beuss. 
2\trbinoMritf  Duncan. 
For  a  long  time  I  have  believed  that  the  genera  Lepfaphyllia  and 
Turbinoseris  were  one  and  the  same.     Although  I  had  not  made  such 

^  See  that  gentleman's  very  interesting  paper  on  the  Red  Chalk  of  Hunstanton,  in 
the  twenty-fifth  volume  of  the  Journal  of  the  Oeolo^cal  Society. 

'  A  horizontal  section  of  a  corallite,  if  only  a  little  way  helow  the  calice,  should 
correspond  as  nearly  as  is  practicahle  with  the  surface  of  the  calice,  for  otherwise 
some  of  the  septa  would  be  cut  through  much  lower  down  than  others.  Indeed,  the 
same  septum  would  be  reduced  very  unequally,  and  the  endotheca  more  exposed  in 
one  place  than  another.  As,  however,  there  is  no  reason  to  suppose,  prtmd  faei*^ 
that  any  important  difference  exists  between  the  two  sides  of  a  UU  corallum,  a 
horizontal  section  taken  low  down  seems  unobjectionable. 
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an  intimate  internal  examination  as  would  be  necessary  to  determine 
their  relationship  on  struotural  groands,  I  found  great  difficulty  in 
admitting  as  the  representatives  of  distinct  genera,  forms  which  were 
so  absolutely  similar  in  all  their  more  obvious  characters.  And  this 
great  general  resemblance  did  not  fail  to  strike  other  observers,  fully 
competent  to  give  an  opinion. 

Examples  of  Leptophyllia  clavata,  Eeuss,  from  Gosau,  and  of 
Turhinoseris  de  Fromenteli,  Duncan,  from  Atherfield,  in  my  own 
collection,  being  placed  before  my  late  and  much  lamented  friend 
Dr.  Wright,  brought  forth  the  prompt  affirmation  of  their  generic 
identity.  Of  the  generic  peculiarities  of  Leptophyllia,  M.  E.  Pratz 
has  given  so  full  an  account,  that  it  will  be  surperfiuous  for  me  to 
enter  into  the  details.^ 

Although  I  have  long  been  aware  of  the  similarity  in  all  outward 
details  existing  between  Leptophyllia  davata  and  Turhinoseris  de 
Fromentelif  I  did  not  know  that  there  were  synapticulsB  in  the  former. 
Now,  however,  that  not  only  their  presence  but  their  precise  confor- 
mation has  been  clearly  demonstrated  by  M.  Pratz,  this  is  confirmation 
in  my  opinion  of  the  unity  of  the  genera  Leptophyllia  and  Turhinoseris. 
The  two  genera  thus  brought  together  are,  I  know,  placed  by  Prof. 
Duncan,  the  one,  Turhinoseris,  in  the  Fungidcs,  and  the  other,  Lepto* 
phyllia,  in  the  newly-proposed  family  Plesioporitidcs  ;  the  supposition 
being  that  the  former  has  imperforate,  and  the  latter  perforate  septa. 
But  I  cannot  see  that  the  two  differ  generically  from  each  other, 
and  I  therefore  r^ard  them  as  identical. 

The  earliest  appearance  of  the  genus  is  in  the  Oolite  (assuming 
that  the  Oolitic  Zeptophyllios  structurally  resemble  those  of  the  Chalk), 
and  several  species  are  recorded  by  Etollon  and  M.  de  Fromentel. 

Of  the  upward  range  of  the  genus  I  can  only  decide  from  the 
evidence  afforded  by  Reuss  of  the  occurrence  of  a  species  in  the  older 
Tertiary  strata  of  the  Alps.»  Not  having  had  the  opportunity  of 
examining  any  of  the  West-Indian  species  of  Turhinoseris  described 
by  Prof.  Duncan,  I  am  unable  to  speak  of  them,  except  to  observe 
that  I  do  not  see  anything  in  the  description  of  either  genus  or 
species  which  is  irreconcileable  with  that  of  Leptophyllia. 

Leptophtlua  Anglioa,  Tomes. 

Turbinoaeris  de  Fromenieli,  Dime.,  Snpp.  Brit  Foes.  Cor.  pt.  iL  p.  42,  pi.  xv. 
fig.  13—18,  1870. 

As  the  genus  Turhinoseris  must  give  way  to  Leptophyllia,  and  a 
species  has  already  been  named  after  M.  de  Fromentel  by  M.  Etallon, 
a  new  specific  name  is  needed  for  the  present  species.  I  therefore 
propose  that  for  the  future  the  name  Anglica  be  applied  to  it 

There  are  specimens  in  the  British  Museum  which  have  been 
obtained  from  Potton,  as  well  as  others  from  Atherfield. 

^  PalaBontograpbica,  toI.  xxix.  1882. 

'  Palaont  stud.  a.  die  Alter.  TertuLrsch.  der  Alpen,  p.  10,  pi.  xxxvii.  fig.  I, 
ftnd  p.  36,  pi.  xUt.  fig.  8. 
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Bbaumontia  Egebtoni.  Edw.  and  Haime,  Monogr.  Polyp.  Foas.  Tfrr. 

Palaeoz.  p.  276, 1857.     Brit.  Fobs.  Cor.  pt  iii.  p.  160,  tab.  xIt- 

fig.  1,  1852. 
A  large  oomponnd  tabulate  coral  is  sometimes  met  with  in  the 
ooprolite  beds  of  the  Upper  Greensand  of  Cambridge,  which  maj  be 
mentiooed  here,  although  there  can  be  no  dbabt  that  it  is  a  deriTcd 
fossil,  and  from  the  Carboniferous  Limestone.  At  present  I  know  it 
only  from  the  examination  of  a  fragment  struck  ofif  a  mass  of  con- 
siderable size,  and  lent  to  me  by  my  friend  the  Bev.  P.  B.  Brodie. 
The  internal  structure  has  been  well  retained,  and  the  nature  of  the 
tabulad  is  very  dearly  obeenrable.  It  is  undoubtedly  referable  to  the 
FaTositoid  genus  BeaumonHa,  and  the  remblance  to  Beawmoniia 
EgerUmi  is  so  great,  that  it  may  be  unhesitatingly  referred  to  it. 
Compared  with  other  species  of  the  genus,  the  present  may  be  dis- 
tinguished by  the  very  slight  degree  of  oonvexi^  of  its  tabular.  It 
was  described  by  MM.  Milne  Edwards  and  Haime  from  a  specimen 
in  the  collection  of  the  G^logical  Society,  which  was  obtained  by 
Sir  P.  Egerton  from  the  Mountain  Limestone  of  Sracrapagh,  Ireland. 
It  is  not  without  some  interest  to  the  geologist  that  the  Cretaceoos 
formation  of  this  country  is  now  found  to  have  a  greater  resemblance 
in  its  Coral  fauna  to  that  of  the  Continent^  than  has  been  heretofore 
believed.  Prof.  Duncan  has  made  known  in  his  Supplement  to  the 
History  of  British  Fossil  Corals,  and  subsequently  in  the  Quarterly 
Journal  of  the  Geological  Society,  some  genera  and  species  of  Corals 
from  the  Upper  Greensand  of  Haldon  and  other  localities,  which 
indicate  a  nearer  relationship  between  the  English  Coraliferous  beds 
of  the  Cretaceous  formation  and  those  of  the  Continent  than  had  been 
supposed.  In  the  latter  publication  he  concludes  a  paper  on  the 
Coml  fauna  of  Haldon  by  the  observation  that  it  "  appears  to  be  the 
Northern  expression  of  that  of  the  French  and  Central-European 
deposits,  which  are  the  equivalents  of  the  British  Upper  Greensand." 
The  occurrence  of  such  genera  as  Ceratotroehus,  Pleuronnilia,  Bary^ 
smilia,  Ehizangia  and  Zeptophyllia,  now  for  the  first  time  made 
known  as  occurring  in  the  English  Cretaceous  beds,  tends  to  ap- 
proximate them  still  more  closely  with  those  of  the  Continent 

(The  foregoing  paper  was  read  at  the  meeting  of  the  Geological 
Society  on  the  24th  of  June,  but  was  withdrawn  by  the  author  with 
the  consent  of  the  Council.  It  is  now  printed  verbatim  with  figures 
by  Mr.  C.  Berjeau  of  the  specimens  exhibited  at  that  meeting.) 

EXPLANATION  OF  PLATE  XIV. 

Fio.  1.      Smilotroehus  ealearattn.    The  ooraUnm.    Natural  size. 

„   2.      Ih.  Tbe  corallum  of  another  gpecimen.    Natural  size. 

„    3.      Jb.  The  corallam  of  a  younff  example.    Natural  sixe. 

„    4.      lb.  The  calice  of  No.  1.    Much  magnified. 

„  6.  lb.  The  spur  of  the  same  specimen.  Much  magnified,  and  showing  tfaa 
costs. 

„  6.  Ctrototroehus  intignU.  A  Tertica]  section  of  the  corallum.  Much  magni- 
fied and  showing  the  spongy  columella. 

,,    7.      Bhizangim  mamiiliformis.    Three  corallites  united  hy  the  stolon.  Magnified. 

,,  8.  Jb.  Two  corallites  similarly  united.  One  of  them  heing  Terr  littb  won 
shows  the  denticulations  of  the  septa.    Magnified  ahout  half  a  diameter. 
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Fio.  9.  lb.  Part  of  the  poliihed  calicnlar  surftce  of  a  specimen  sbowiBj^  th^'dls- 
sepimentB  in  tne  loculi,  to  which  reference  is  made  at  page  54^^.  in  the- 
description  of  the  genus  Rhizangia. 

„  10.  Rhizangia  elonpnta.  The  synapticnls  as  they  appear  in  a  Tertioal  section. 
Highly  maffnifled. 

tt  11.  lb.  A  yertictd  section,  showing  the  diasepiments  arranged  in  irregular 
layers  which  are  on  nearly  the  same  level  in  all  the  loculi.  They  are 
usually  more  fused  together  than  is  shown  in  the  figure.  Highly  magnified. 

It    12.    FUurotmilia  Neocom%4nti9,  The  corallum.    Natural  sise. 

„    13.    lb.  The  calioe.    Natural  sine. 

„    14.     BarytmUia  Cordieri,  A  young  example.    Natural  size. 

„    16.     BarysmUia  tuberota,  A  young  example.    Natural  size. 


lY. — On  thb  Oooubbbnoi  of   Quartzitk   Boulders  in  a 

Coal-seam  in  Lbioestershibb. 

By  W.  8.  Grbslbt,  F.G.8. 

IN  1883  a  scattered  group  of  five  boulders  was  met  with  in  the 
workings  of  the  Coleorton  Colliery  in  the  "  Lount  Nether  "  coal, 
at  a  depth  from  the  surface  of  about  875  feet  They  were  all 
entirely  enveloped  in  the  coal,  and  occurred  about  20  inches  from 
the  top  of  the  seam.  Four  of  them  were  found  within  a  space  of 
20  yards  of  one  another,  but  no  two  of  them  very  near  together, 
and  the  fifth  occurred  some  500  yards  S.W.  of  the  others.  The  coal- 
seam  was  of  its  normal  thickness— namely,  about  4j^  feet.  This  is 
the  seam  marked  "  Lount  4  **  upon  the  Gfeol.  Survey  Sheet  No.  46 
of  Horizontal  Sections,  and  it  is  the  lowest  but  one  worked  in  the 
district. 
The  dimensions  and  weights  of  these  boulders  are  : — 

lbs.  ozs. 

1.  7^  inches  longest  diam.     x     6|  inclies  shortest  diam.     1 1    8   weight. 

2.  It    »  »  X     4*    „  „  6    4        „ 
8.     4#    „              „                X     4i    „              „  2  10 

4.     4l    „  „  X     8      „  „  1  10 

6.     ^    >,  »,  X     1}    „  „  0    6J      „ 

No  two  of  them  are  at  all  alike  in  outward  form,  but  all  are  con- 
siderably, or  very  much,  rounded  and  smooth-surfaced.  No.  1 
exhibits,  very  markedly,  the  divisional  planes  due  to  original  strati- 
fication ;  these  run  parallel  to  its  flatter  sides.  The  exterior  is  rather 
rough  and  here  and  there  coated  with  scaly  iron -pyrites  and  coaly 
matter,  and  a  very  little  shale  or  clay  adheres  firmly  to  the  boulder, 
and  shows  signs  of  considerable  pressure.  No.  2  is  somewhat  pear 
or  wedge-shaped,  but  is  well  and  smoothly  worn  all  over.  No.  3 
highly  rounded  into  a  flattish  circular  mass,  and  very  smooth  all 
over.  When  broken  through  it  exhibited  a  sharp,  almost  conchoidal 
fracture,  and  is  evidently  extremely  compact.  No.  4  has  a  large 
portion  broken  away  on  one  side  along  an  original  joint  (?) ;  the 
edges  are  now  smoothed  and  rounded  off.  No.  5  shows  a  rather 
singular  ecu  vex  surface,  occupying  about  one-third  of  its  area,  which 
(to  me)  has  the  appearance  of  having  been  produced  by  some  planing 
rather  than  rolling  action,  but  there  are  no  rough  or  clearly  defined 
edges  left;  the  striae  (if  any  really  exist)  are  very  minute.  I 
certainly  never  remember  seeing  a  quartzite  pebble  of  a  similar  form. 
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All  the  stones  seem  to  be  composed  of  ^ery  simflar  rock,  the 
colour  outnide  being  grey,  blotched  with  black.  The  exterior  for 
a  depth  of  about  \  inch,  is  of  a  darker  shade  than  the  interior  of  the 
stones  ;  due  no  doubt  to  being  so  long  in  contact  with  the  coaL  I 
cannot  detect  any  signs  of  fossils  upon  or  within  any  of  them. 

From  No.  2  a  slide  has  been  prepared,  which  I  submitted  to 
Prof.  Bonney,  and  he  has  been  kind  enough  to  send  me  the  following 
description  of  it : — *'  A  very  compact  pale  grey  quartzite,  consisting 
of  rather  angular  fragments,  often  about  *01  inch  diameter,  of  quartz, 
with  which  are  a  few  more  rounded  grains  of  a  decomposed  kaolin- 
like material,  which  probably  were  once  felspar ;  these  have  worn 
out  of  the  slide  in  grinding.  There  are  apparently  a  few  spedcs  of 
iron-oxide,  but  some  of  these  may  be  mere  accumulations  in  the 
above  vacuities  of  the  material  used  in  grinding  the  slide.  I  note 
also  a  few  flakes  of  colourless  mica,  a  small  grain  or  two  of  epidote, 
and  one,  partly  broken  away,  which  I  think  is  tourmaline.'  The 
rock  macroscopically  and  microscopically  is  like  some  of  the  more 
compact  quartzites  in  the  pebbles  of  the  Bunter  in  Staffordshire,  and 
in  the  Loch  Maree  district;  it  differs  in  some  respects  from  the 
quartzite  of  Hartshill,  the  Lickey,  or  the  Wrekin.  It  reminds  me 
of  a  quartzite  pebble  described  by  me  some  years  since  from  the 
Coal-measures  of  South  Staffordshire,  of  which,  however,  I  do  not 
possess  a  fragment  for  comparison.     See  Gkol.  Mao.  Vol.  X.  p.  289." 

The  seam  of  coal  from  which  tliese  boulders  were  taken  is, 
at  this  colliery,  particularly  subject  to  "Horses"  or  "Wants," 
t.6.  sudden  interruptions  in  the  continuity  of  the  coal,  its  place 
being  taken  by  sandstone  and  shale,  exhibiting  current-bedding,  and 
often  enclosing  patches  of  detrital  coal,  <fec.  This  coal-bed  is  here 
and  there  swelled  up  to  double  its  ordinary  thickness,  and  again, 
hard  by,  is  reduced  to  half  its  proper  thickness.  It  is  also  often 
mixed  with  layers  or  patches  of  sandstone,  having  a  concretionary- 
looking  formation,  which  set  in  and  run  out  in  a  peculiar  way. 

The  roof  of  the  seam  is  very  variable  in  composition :  sometimes 
it  is  sandstone-rock,  sometimes  shale  containing  numerous  strings 
and  pipes  of  bright,  glossy  coal,  and  some  day-ironstone  nodules. 
Again  it  is  fire-clay  or  soft  carbonaceous  shale  and  coal  mixed.  [A 
roof  richer  in  fossil  plant  remains  I  never  witnessed  in  any  colliery, 
and  they  are  often  exceedingly  beautifully  preserved.  I  have 
obtained  specimens  of  the  leaflets  of  ferns  (the  actual  dead  leaves 
themselves)  and  placed  them  between  bits  of  glass  to  preserve  them, 
which  when  exposed  to  a  current  of  air,  flapped  up  and  down, 
though  still  fast  by  their  stalks  to  the  rock.]  I  mention  all  this  to 
show  that  the  conditions  under  which  this  Ck)al-seam  and  its  roof 
were  deposited  were  such  as  clearly  indicate  that  currents  of  running 
water,  having  considerable  weight  and  velocity,  flowed  at  the  time  of, 
or  immediately  subsequent  to,  the  formation  of  the  Goal-seam ;  and  as 

^  I  have  identified  this  mineral  in  a  compact  grey  quartsite  very  like  the  ahove, 
which  is  among  the  Bunter  pehhles,  and  find  a  grain  of  it  in  a  slide  cut  from  a 
similar  quartzite .  which  occurs  on  the  Torridon  road  ahout  three  miles  from 
Kinlochewe.— T.  G.  B. 
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four  out  of  five  of  these  boulders  were  found  within  80  or  90  yards  from 
the  edge  of  a  "  horse  "  or  **  wash-fault "  of  unusual  width  (100  yarda), 
their  connection  with  this  interruption  in  the  coal  may  be  very  close. 

Of  the  several  theories  advanced  respecting  the  way  in  which 
boulders  have  become  enveloped  in  Coal-beds,  I  am  inclined  to 
accept  that  one  which  supposes  that  they  have  been  dropped  or 
washed  out  of  the  roots  of  trees  as  they  were  floated  along  in  flood- 
time  from  higher  ground  on  which  they  grew.  And  there  seems 
every  reason  to  believe  that  as  the  matter  composing  the  Midland 
Coal-measures  undoubtedly  came  from  the  N.W.,  the  parent  rock 
from  which  these  boulders  have  been  derived  existed  more  or  less 
in  that  direction. 

In  conclusion  it  may  be  interesting  to  cite  several  other 
authenticated  instances  of  the  occurrence  of  quartzite  or  other  boulders 
and  pebbles,  either  embedded  in  seams  of  coal  or  in  the  ^*  measures  *' 
enclosing  them. 

(a)  In  a  colliery  in  Shropshire,  a  water- worn  pebble  of  lead  ore 
was  taken  (by  Mr.  George  Spencer,  the  manager)  from  the  top  of  a 
Coal-seam  in  the  workings.  [From  this  fact  we  learn  that  mineral 
veins— of  lead-ore  at  any  raten— were  formed  prior  to  the  deposition 
of  the  Coal-measures.] 

(6.)  At  Church  Qresley  Colliery,  in  Derbyshire,  at  630  feet  deep, 
in  1867  was  found  a  boulder  composed  of  hard,  crystalline  sandstone, 
dotted  with  small,  angular  quartz-pebbles,  having  a  smooth,  well- 
worn  surface;  it  measures  ten  inches  in  diameter  by  six  inches  thick, 
and  in  this  latter  particular  corresponded  exactly  with  the  thickness 
of  the  clay  (the  underclay  of  the  "  Little  Coal "  seam)  in  which  it 
reposed.  Again,  quite  recently  (1885)  four  or  five  little  grey 
quartzite  pebbles,  the  largest  being  roughly  the  size  of  a  hen's  egg, 
were  obtained  from  the  same  stratum  of  underclay  in  the  same  pit ; 
they  were  all  near  together. 

(e.)  In  North  Staffordshire  two  instances  of  large  rounded  boulders 
oocurriog  in  the  Coal-measures  are  mentioned  in  the  Report  (for 
1866)  of  the  British  Association. — See  "  Reports,"  p.  42. 

(d.)  The  South  Wales  CoaUfield  has  yielded  pebbles.  See  Memoir 
of  G^logical  Survey,  vol.  i.  p.  194. 

(e.)  In  the  Forest  of  Dean  Coal-field.  Mr.  Buddie's  account  in 
Trans.  G^eol.  Soc.,  2nd  series,  vol.  vi.  p.  217. 

(/.)  The  Lancashire  Coal-districts,  including  Cheshire,  Many 
boulders  have  been  discovered  in  working  the  mines,  accounts  of 
which  may  be  found  in  Memoirs  of  the  Lit  and  Phil.  Soc.  of  Man- 
chester, vol.  ix.  2nd  series,  1851 ;  Trans,  of  the  Manchester  Geol. 
Soc.  vol.  xiii.  p.  141 ;  also  vol.  xiv.  p.  373. 

In  America,  in  the  Tennessee  and  Ohio  Coal-fields  quartzite  boulders 
have  occurred  more  or  less  buried  in  Coal-seams.  See  Dana's 
Manual  of  Geology,  p.  317. 
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V. — Palaontoloot  in  Germany  and  Austbia. 

By  Prof.  Albekt  Gaud&t,  Membre  de  rinstitut,  For.  Memb.  GeoL  Soc.  Loud. 

[Note  by  the  Tbanslator. — M.  Albert  Gaudry,  the  well-known 
Professor  of  Paleeontoiogy  at  the  Museum  of  Natural  History  of 
Paris,  following  up  a  report  which  he  published  last  year  of  a  visit 
to  the  British  Museum  (Natural  History),  Cromwell  Road,  has 
recently  written  an  article  in  the  **  Revue  Scientifique  "  '  on  a  series 
of  visits  just  paid  to  the  Museums  of  Germany  and  elsewhere. 

This  article  is  valuable,  not  only  for  the  statement  of  the  existence 
of  a  great  scientific  movement  on  the  Continent,  but  for  the  sum- 
marised sketch  it  gives  of  the  most  interesting  geological  and 
palsdontological  collections  in  the  principal  museums  of  Europe,  a 
knowledge  of  which  is  often  desiderated  by  the  student  when  travel- 
ling abroad. — Mabk  Stibbup.] 

1SAW  that  Germany,  like  England,   is  erecting  Museums  of 
Palaeontology ;  each  counting  it  an  honour  to  have  a  museum 
which  displays  the  primitive  history  of  its  country. 

Stuttgart  possesses,  besides  its  general  museum  in  which  are  the  pro- 
ducts of  different  countries,  a  gallery  of  Geology  and  Palaaontologj, 
specially  devoted  to  the  fossils  of  Wurtemberg. 

This  local  collection,  directed  by  Professor  Oscar  Fraas,  has  a 
deserved  reputation ;  for  in  it  can  be  followed  from  age  to  age  the 
palaeontological  history  of  one  of  the  best  studied  countries  of  Europe- 
It  is  there  especially  that  the  astonishing  reptiles  are  seen  which 
lived  upon  the  continents  at  the  epoch  of  the  Trias;  the  AiosauruSf 
the  ZanglodoUf  the  Maatodonaaurus,  the  Metopias,  etc.,  permit  one  to 
form  some  idea  of  the  strange  aspect  of  the  fauna  of  this  epoch. 

The  museum  of  Stuttgart  is  also  one  of  those  in  which  the  Liassio 
epoch  is  well  represented;  it  possesses  the  Holzmaden  collection, 
celebrated  for  its  entire  skeletons  of  reptiles. 

M.  Fraas  had  the  kindness  to  take  me  to  this  locality  some  years 
ago,  in  order  to  show  me  in  what  condition  the  fossils  are  found ; 
most  frequently  they  are  encrusted  with  stone,  and  only  swellings  or 
protuberances  are  seen,  which  would  teach  nothing  to  an  uneducated 
eye ;  but  M.  Fraas  is  able  to  foretell  where  the  head,  the  members, 
the  tail,  are  to  be  found,  and  even  he  could  tell  me  what  kind  of 
animal  must  be  there  concealed.  It  is  by  the  graving  tool  that  those 
entire  skeletons  are  developed  which  are  the  ornament  of  a  great 
number  of  museums,  and  of  which  we  have  in  Paris  some  magnifi- 
cent specimens. 

The  collection  of  Stuttgart  contains  many  Ichthyoaauri  with  yoang 
ones  enclosed  within  their  ribs,  generally  they  (the  young)  have  the 
head  turned  towards  the  anus,  as  in  other  viviparous  animals ;  never- 
theless I  have  seen  one  which  has  in  its  interior  two  young 
ones  turned  towards  the  head,  and  another  which  has  six  little  ones 
in  ventre  turned  in  every  direction.  Must  one  suppose  that  the 
Ichthyosaurus  had  sometimes  a  single  young  one,  like  the  terrestrial 

»  £xtraet  "Rbvtjb  Soisntotqus,"  7  Not.  1885. 
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Salamander,  sometimeB  Beveral  jOQDg  ones  as  the  viper  or  the  hlind 
worm  ?  This  appears  to  me  extraordinary,  and  explains  why  it  was 
formerly  believed  that  the  yoang  found  in  the  interior  of  the  Ichihyo- 
aaurus  bad  been  eaten  by  it 

Munich  possesses  important  oollections  of  palaeontology  adminis- 
tered by  Professor  Zittel :  for  example,  that  of  Ammonites  which,  it 
is  said,  is  the  most  complete  in  existence,  and  the  series  of  admirable 
preparations  of  fossil  sponges,  whose  skeletons  Dr.  Zittel  has 
developed  by  steeping  in  acidulated  water. 

I  have  seen  again  with  pleasure  the  fossils  of  Pikermi,  that 
Wagner  had  the  merit  of  first  making  known. 

But  the  principcJ  curiosity  of  the  Palsdontological  Museum  of 
Munich  is  the  collection  of  fossils  of  the  Lithographic  Stone  or  Upper 
White  Jura,  of  Solenhofen,  in  Bavaria. 

If  one  must  go  to  Stuttgart  to  study  the  Trias  and  Lias,  it  is  to 
Munich  one  must  proceed  to  admire  the  Oolite. 

All  geologists  know  that  the  stones  of  Solenhofen  were  originally 
mud,  which  was  deposited  upon  a  shore,  where  at  the  same  time 
the  inhabitants  of  the  sea  met  those  of  land  ;  in  this  mud,  creatures  of 
the  most  different  and  the  most  delicate  organization,  belonging  to  the 
Oolitic  epoch,  are  preserved  in  the  most  astonishing  perfection  ;  one 
finds  there,  down  to  Acalephae,  a  multitude  of  Crustacea,  insects  which 
have  retained  the  most  delicate  neuration  of  their  wings,  their  legs 
and  antenncB ;  Ammonites  with  their  aptychus,  and  Fishes  which  are 
in  course  of  passing  from  the  Ganoid  to  the  Teleostean  state.  It  is 
there  especially  that  one  goes  to  study  the  flying  reptiles,  where 
they  appear  in  all  positions. 

There  also  may  be  seen  the  little  Compsognaihuaf  which  long 
before  the  discovery  of  the  entire  Iguanodons  of  Belgium  enabled 
us  to  understand  the  appearance  of  these  Dinosaurians.  The  palaeon- 
tologist thinks  he  is  dreaming  whilst  contemplating  this  gathering 
together  of  beings  which  permit  him  to  fancy  himself  in  the  Second- 
ary period  almost  as  perfectly  as  if  it  were  the  present  epoch  ;  one 
can  readily  believe,  after  seeing  this  grand  collection,  that  a  day  will 
come,  in  which  our  successors  will  have  a  clear  idea  of  the  life-history 
of  all  past  ages. 

It  is  well  known  that  Vienna,  for  a  long  time  deservedly  extolled 
for  its  animation  and  gaiety,  is  becoming  a  splendid  city,  that  its 
fortifications  have  been  replaced  by  spacious  boulevards  bordered  by 
gardens,  fine  houses  and  palaces. 

Science  is  abont  to  profit  lately  by  these  transformations. 

On  one  side  of  the  new  Hotel  de  Ville,  the  sumptuous  palace  of 
Parliament  has  been  erected,  and  as  a  companion  building  on  the 
other  side,  the  palace  of  the  tfniversity. 

At  a  short  distance  from  the  Palace  of  Parliament,  opposite  the 
Palace  of  the  Emperor,  they  are  finishing,  at  this  moment,  the 
Museum  of  Fine  Arts  and  the  Museum  of  Natural  History.  Thus 
the  University  and  the  Museum  of  Natural  History  are  in  the  most 
magnificent  quarters  of  Vienna ;  it  is  not  as  in  Paris,  where  our 
Jardin  des  Plantes  is  banished  so  far  from  the  centre. 
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The  building  of  the  University  is  nearly  finished ;  it  is  a  pleasora 
to  be  a  student  in  such  a  palace;  marble  has  been  lavished  upon  it; 
it  is  reached  by  a  vast  flight  of  steps.  An  eminent  savant.  Professor 
Suess,  a  Member  of  Parliament,  directs  the  oollections  of  geology, 
and  another  professor  equally  able,  M.  Neumayr,  superintends  those 
of  palaeontology. 

The  Musenm  of  Natural  History  (Hof  Natnralien  Museum)  belongs 
to  the  Crown.  The  Emperor  has  just  placed  at  its  head  Dr.  Franz 
Bitter  von  Hauer,  who  was  formerly  Director  of  the  Geological  Insti- 
tute. M.  Fuchs  is  specially  charged  with  the  department  of  palaeon- 
tology. The  buildings  are  advancing  rapidly,  and  a  large  part  of  the 
collections  are  expected  to  be  arranged  before  the  coming  spring.  I  was 
told  that  the  fossils  will  be,  as  in  the  old  museum,  separated  from  the 
representatives  of  living  creatures,  and  that  they  will  occupy  six 
rooms.  The  vertebrate  room  is  ornamented  with  mural  paintings, 
which  represent  landscapes  of  the  world  at  different  geological  epochs 
with  the  most  characteristic  animals  and  plants.  These  paintings 
are  separated  from  one  another  by  statues  which  have  their  p>ala»on- 
tological  attributes ;  one  holds  an  Ichthyosawrusy  another  a  head  of 
Dinolherium,  another  a  piece  of  Cervus  megaceros,  another  a  head  of 
Uintatherium,  etc  I  have  seen  few  fossils,  because  all  is  in  process 
of  removal.  Among  those  which  M.  Fuchs  was  able  to  show 
me,  I  observed  some  skeletons  of  Ursvs  spelaus,  a  skeleton  of 
Megaceros,  another  of  the  Quaternary  Ibex,  some  fine  specimens 
of  Mastodon^  of  Dinotherium  and  a  series  of  vertebrates  from 
Maragha,  in  Persia,  of  the  same  age  as  those  of  Pikermi  and  those 
of  Baltavfiu:  in  Hungary,  described  by  M.  Suess. 

Besides  the  collections  that  I  have  just  cited,  there  is  the  Geolo- 
giscbe  Reichanstalt,  which  the  new  Director,  Herr  Dionys  Star,  had 
the  kindness  to  show  me.  The  fossils  are  there  arranged  accord- 
ing to  their  geographical  and  geological  order ;  it  is  perhaps  the  fine«t 
collection  of  stratigraphical  palsaontology  which  exists  in  Europe. 
One  admires  especially  the  series  of  Ammonites  from  the  Trias  of  the 
Austrian  Alps,  upon  which  M.  de  Mojsisovics  has  lately  written 
some  most  important  memoirs. 

I  have  not  been  recently  to  Pesth ;  but  two  learned  Hungarian 
professors,  M.  de  Hantken  and  M.  Szabo,  have  assured  me,  that 
since  I  was  in  that  city,  its  collections  of  geology  and  palaeontology 
have  become  very  important. 

At  Prague,  Professor  Fritsch  conducted  me  over  the  site  where 
the  foundations  have  just  been  laid  of  a  lai'ge  museum  of  sci^ioe 
for  Bohemia ;  pending  the  erection  of  the  new  building,  they  have 
built  near  the  old  museum  of  Bohemia  a  provisional  hall  specially 
consecrated  to  palssontology.  Professor  Fritsch  has  there  arranged 
numerous  and  very  remarkable  fossils  classed  age  by  age.  The 
immense  collection  of  Silurian  fossils  which  was  made  by  Barrande, 
and  given  by  him  to  Bohemia,  has  been  left  in  the  apartment  whidi 
our  illustrious  and  revered  compatriot  occupied  in  the  Chotek  Gasse. 
It  is  difficult  to  imagine  the  immense  number  of  Orthoceratites,  O^Uh 
ceratttesy  Trilobita,  etc ,  in  this  apartment.  I  had  there  a  proof  of 
the  degree  to  which  the  love  of  palsaontology  can  reach,  for  in  the 
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roomB,  more  than  simple,  in  which  the  old  tutor  of  the  Comte  de 
Chambord  passed  the  greatest  part  of  his  life,  there  are  collections 
of  Primary  fossils  which  have  cost  enormous  sums. 

Barrande  was  parsimonious  with  regard  to  himself,  prodigal  for 
science.  His  collection  will  be  removed  into  the  museum  which  is 
now  being  built  A  young  Czech  professor,  M.  0.  Novak,  and  a 
German  savant,  M.  Waagen,  well  known  for  his  work  upon  the 
palseontolgy  of  India,  are  engaged  in  continuing  the  gigantic  labours 
of  Barrande  upon  the  Silurian  fossils  of  Bohemia. 

Dresden,  whose  picture  galleries  draw  artists  from  all  countries 
of  the  world,  has  also  accorded  a  large  development  to  its  galleries 
of  geology  and  palaeontology.  They  are  in  the  same  palace  (Z  winger) 
as  the  objects  of  art.  The  Director,  Prof.  H.  B.  Geinitz,  has  arranged 
the  fossils  by  geological  ages,  in  a  way  that  one  can  readily  form 
an  idea  of  the  life-history  of  past  times.  The  creatures  of  the  Per- 
mian epoch  are  particularly  well  represented  there ;  no  one  has  con- 
tributed so  much  as  Prof.  Geinitz  in  making  known  this  epoch, 
which  was  formerly  believed  to  have  represented  a  momentary  sus- 
pension in  the  vital  forces,  but  which,  on  the  contrary,  has  furnished 
for  some  years  past  a  multitude  of  fossil  plants  and  animals. 

Berlin  has  quite  another  character  to  Vienna:  while  the  latter 
aspires  more  to  pleasure,  Berlin  prefers  the  harshness  of  a  military 
life.  Nevertheless  its  government,  which  above  all  neglects  nothing 
which  relates  to  war,  occupies  itself  also  with  science,  for  it  knows 
that  Knowledge  is  Power. 

A  vast  building  has  just  been  constructed  in  Invaliden  Strasse  for 
the  geological  collections  directed  by  M.  Hauchcorne,  and  another 
for  the  collections  of  the  agricultural  arts,  where  M.  Nehring  has 
assembled  the  curious  Quaternary  fauna,  which  he  has  described  under 
the  name  of  the  Fauna  of  the  Steppes ;  between  these  museums,  a 
large  Museum  of  Natural  History  is  about  to  be  erected. 

The  University  has  some  fine  collections  of  geology  directed  by 
Professor  Bey  rich,  and  of  palsBontology  superintended  by  Professor 
Dames ;  it  is  at  the  University  that  the  second  specimen  .of  ArchcR- 
opteryx  may  be  seen,  for  which  £1000  was  paid.  It  has  the  advantage 
over  the  Bntish  Museum  specimen,  of  having  its  head,  and  of  show- 
ing its  fore  limbs,  whose  metacarpal  bones  are  not  anchylosed  im- 
movably together  as  in  existing  birds,  but  are  free  and  furnished 
with  clawed  digits. 

(Herr  Dames  has  published  a  most  interesting  memoir  on  this 
specimen,  a  notice  of  which  appeared  in  the  Gbolooioal  Maqazim£, 
1884,  Decade  III.  Vol.  I.  pp.  418-424,  PI.  XIV.) 


VI.—"  CONB-IN-CONB."  ' 

By  Prof.  J.  S.  Nbwbbrbt,  M.D.,  For.  Memb.  Oeol.  Soc.  Lond. ; 
Professor  of  Geology  in  Columbia  College,  New  York. 

N  the  June  Number  of  the  Geologioal  Magazine  an  abstract  is 
given  of  a  paper  on  Cone-in-cone,  read  by  Mr.  John  Young  before 

^  The  MS.  of  this  article  was  unfortanately  mislaid,  and  its  publication  con- 
sequently delayed  some  months,  for  which  the  Eoitor  begs  to  apologise. 
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the  Geological  Society  of  Glasgow,  in  which  he  advanoes  the  theory 
that  this  peculiar  atractare  is  caased  by  the  eacape  of  gases. 

While  I  was  yet  a  boy  I  found  cone-in-oone,  and  was  puzzled 
by  it,  but  examining  a  fine  exposure  of  it  in  which  the  bases  of 
the  oones  were  all  turned  upward,  the  theory  of  escaping  gases 
suggested  itself  to  me.  Subsequently,  when  I  was  a  student  in 
the  Jardin  des  Plantes,  Paris,  attending  the  geological  lectures  of 
M.  Cordier,  he  described  oone-in-cone  as  an  imperfect  crystallization. 
I  proposed  to  him  the  theory  of  the  escape  of  gases  through  a  pasty 
medium,  but  he  said  that  would  not  do,  because  the  points  of  the 
cones  were  sometimes  turned  upward,  sometimes  downward.  This 
led  me  to  review  the  subject  later,  and  while  I  had  the  snperyision 
of  the  Geological  Survey  of  Ohio,  and  was  connected  with  the 
Government  Surveys  in  the  Western  Territories,  I  had  opportunities 
of  observing  the  occurrence  of  oone-in-cone  in  a  large  number  of 
localities,  and  at  many  geological  levels.     The  results  of  my  obser- 

^  vations  are  given  in  the  Report  of  the  Geological  Survey  of  Ohio, 

.    Vol.  I.  p.  211.     They  are  briefly  as  follows : 

Cone-in -cone  consists,  as  is  well  known,  of  a  series  of  hollow 
oones  like  extinguishers  plaoed  one  within  another,  and  it  some- 
times makes  up  the  entire  mass  of  a  stratum  several  inches  in 
thickness  and  many  feet  in  lateral  extent  It  is  not  confined  to 
one  horizon,  but  occurs  throughout  the  geological  series  wherever 

(there  are  argillaceous  shales,  locally  impregnated  with  lime,  or  in 
which  septaria  or  clay-iron-stones  are  found.  More  generally  the 
cone-in-cone  structui-e  is  observable  in  lenticular  sheets  of  earthy 
limestone  or  shale  impregnated  with  lime,  and  in  each  sheet  the 
cones  are  usually  turned  in  the  same  direction,  oftenest  with  the 
'  points  down,  but  sometimes  turned  upward,  and  occasionally  turned 
in  both  directions.  In  one  locality  in  Ohio  where  cone-iu-cone 
occurs  abundantly  in  the  Waverley  shales  (Lower  Carboniferous), 
a  lenticular  mass  is  divided  obliquely  by  a  sheet  of  clay-iron-stone. 
On  one  side  of  this  the  points  are  turned  downward,  on  the  other 
side  they  occupy  a  reversed  position.  I  have  before  me  as  I  write 
a  nodule  of  iron  ore  from  the  same  locality  which  is  surrounded  by 
cone-in-cone  two  inches  in  thickness;  the  cones  above  are  turned 
point  downward,  those  below  point  upward,  and  those  on  the  sides, 
somewhat  confused  by  pressure,  are  divergent. 

In  the  Cretaceous  formation  of  Colorado  lime  concretions  occur 
with  a  radiated  cone-in-cone  structure,  and  similar  concretions  are 
reported  by  Dr.  C.  A.  White  in  the  Coal-measures  of  Iowa  (Amer. 
Joum.  Science,  vol.  xlv.  1868,  p.  401).  Again,  in  the  Huron 
Shale  (Upper  Devonian)  of  Ohio,  the  bones  of  the  great  fishes 
(Dimehihya)  are  generally  coated  with  a  sheet  of  impure  limestone 
which  has  cone-in-cone  structure ;  and  here  the  cones  are  divergent 
from  the  surfaces  of  the  bones,  however  irregular  these  may  be. 

Such  specimens  as  these  I  have  described  seem  to  me  to  be  in- 
compatible with  the  theory  that  cone-in-cone  is  caused  by  pressure 
or  the  escape  of  gases,  and  appear  rather  to  confirm  the  conclusion 
that  it  is  due  to  an  impeded  tendency  to  crystallization. 
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British  Assooiation:  Aberdeen. 

Papers  read  before  Section  C.  Geology. 

T. — On    Slaty  Cleavage   and   Allted   Rook-Strugturbs  ;  with 

SPBOIAL    EeFERENOE   TO    THE    MbOHANIOAL   ThBORIES    OF    THEIR 

Origin.     By  Alfred  Harker,  M.A.,  F.G.S. 

SINCE  Professor  Phillips'  Report  to  this  Association  in  1866,  the 
subject  of  Cleavage,  especially  in  connection  with  Foliation, 
has  received  much  attention.  In  the  present  communication  the 
mechanical  theories  of  Mr.  Sharpe  and  Dr.  Sorby  are  discussed  at 
length,  and  pursued  through  their  various  consequences,  such  as  the 
variation  of  Cleavage  in  rocks  of  different  natures  and  the  peculiari- 
ties of  Cleavage-planes  which  traverse  alternating  strata.  A  section 
is  devoted  to  the  mode  of  working  slate-rock  in  the  quarries,  which 
throws  much  light  on  the  structure  of  the  rock.  The  spurious  and 
incipient  Cleavages  due  to  minute  contortion  or  faulting  of  the  rocks 
are  next  described.  A  consideration  of  the  general  effects,  mechani- 
cal, physical,  and  chemical,  of  pressure  upon  rocks  leads  to  a  discus- 
sion of  the  relations  between  Cleavage  and  Foliation,  and  the  extent 
to  which  the  latter  can  in  many  cases  be  referred  to  the  action  of 
mechanical  forces.  The  concluding  section  deals  briefly  with  the 
relation  of  Cleavage  to  Earth  movements. 


IL — On  Deep  Borings  at  Chatham.     A  Contribution  to  the 
Deep-seated  Geoloot  op  thb  London  Basin. 

By  W.  Whitaker,  B.A.,  F.G.8.,  Assoc.IiiBt.C.E. 

A  FEW  years  ago  the  Admiralty  made  a  boring  in  the  Chatham 
Dockyard  eittension,  to  the  depth  of  903^  feet,  just  reaching  the 
Lower  Greensand,  and  in  1883-4  followed  this  by  another  boring, 
near  by,  to  increase  the  supply,  which  has  led  to  an  unexpected 
result.  After  passing  through  27  feet  of  Alluvium  and  Tertiary 
beds,  682  of  Chalk,  and  193  of  Gault,  the  Lower  Greensand  was 
again  reached;  but,  on  continuing  the  boring,  was  found  to  be 
only  41  feet  thick,  when  it  was  succeeded  by  a  stiflf  clay,  which, 
from  its  fossils,  is  found  to  be  Oxford  Clay,  a  formation  not  before 
known  to  occur  in  Kent. 

At  its  outcrop,  about  seven  miles  to  the  south,  the  Lower  Green- 
sand is  200  feet  thick,  and  is  succeeded,  a  little  further  south,  by  the 
Weald  Clay,  there  600  feet  thick.  Not  only,  however,  has  this 
600  feet  of  clay  wholly  disappeared,  but  also  the  whole  of  the  next 
underlying  set  of  deposits,  the  Hastings  Beds,  which  crop  out  every- 
where from  beneath  the  Weald  Clay,  and  are  also  some  hundreds  of 
feet  thick. 

More  than  this,  the  Purbeck  Beds,  which  underlie  the  Hastings 
Beds  near  Battle,  are  absent,  and  also  the  Portlandian,  Kimmeridge 
vscADS  ni. — VOL.  n. — no.  xn.  36 
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Clay,  Corallian,  etc.,  beds  which  have  been  proved  above  Oxford 
Clay  in  the  Subwealden  Boring,  to  the  great  thickness  of  over 
1600  feet. 

We  are  therefore  faced  with  a  great  northerly  thinning  of  the  beds 
below  the  Gault,  a  fact  agreeing  in  the  main  with  the  evidence  given 
of  late  years  by  various  deep  wells  in  and  near  London. 

Three  other  deep  borings  have  been  made  or  are  being  made  near 
Chatham,  all  of  which  have  passed  through  the  Chalk  iuto  the  Gault, 
and  one  has  gained  a  supply  from  the  sand  beneath. 

The  practical  bearing  of  the  Chatham  section  is,  however,  to 
enforce  the  danger  of  counting  on  getting  large  supplies  of  water  in 
the  London  Basin  from  the  Lower  Greensand,  by  means  of  deep 
borings  at  any  great  distance  from  its  outcrop. 

Even  if  Lower  Greensand  occur  at  all  in  such  places,  it  will 
probably  be  in  reduced  thickness,  and  therefore  with  reduced  water- 
capacity. 

111. — On    the    Ee-disooysby    of    Lost    Numidian    Mabbles    ih 
Aloebia  and  Tunis. 

By  Lieut.-Colonel  K.  L.  PLATFAm,  H.M.  Consul-GeDeral 
for  Algteria  and  Tunis. 

THE  author  explained  that  the  name  itself  was  a  misnomer,  as 
they  are  not  found  within  the  limits  of  Numidia  proper,  but  in 
the  province  of  Africa  and  in  Mauritania.  Most  of  the  *  Giallo  antico ' 
used  in  Rome  was  obtained  from  Stmiitu  Colonia,  the  modern  Chem- 
ton,  in  the  valley  of  the  Medg^rda,  the  quarries  of  which  are  now 
being  extensively  worked  by  a  Belgian  company;  but  the  most 
remarkable  and  valuable  marbles  are  found  near  Kleber,  in  the  pro- 
vince of  Oran,  in  Algeria.  There,  on  the  top  of  the  Moutagne  Grise, 
exists  an  elevated  plateau,  1500  acres  in  extent,  forming  an  un- 
interrupted mass  of  the  most  splendid  marbles  and  breccias  which 
the  world  contains.  Their  variety  is  as  extraordinary  as  their  beauty. 
There  is  creamy  white,  like  ivory ;  rose  colour,  like  coral ;  Giallo 
antico ;  some  are  as  variegated  as  a  peacock's  plumage ;  and  on  the 
west  side  of  the  mountain,  where  there  has  been  a  great  earth- 
movement,  the  rock  has  been  broken  up  and  re-cemented  together, 
forming  a  variety  of  breccias  of  the  most  extraordinary  richness  and 
beauty. 

Colonel  Playfair  exhibited  specimens  of  the  principal  varieties, 
to  prove  that  his  descriptions  were  not  exaggerated.  The  beauty  of 
these  marbles  has  been  recognised  by  the  Trustees  of  tiie  British 
Museum,  who  are  now  mounting  the  sculptures  of  the  Parthenon  and 
the  Mausoleum  on  basements  of  them.  Specimens  may  also  be  seen  in 
the  Mineralogical  Boom  of  the  British  Museum,  at  South  Kensington. 

The  marble  mountain  belongs  to  Signer  del  Monte,  of  Oran,  and, 
although  it  is  not  being  worked  as  it  ought  to  be,  blocks  can  be 
obtained  at  a  cost  of  about  £18  per  cubic  metre,  ready  for  shipment* 
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I^  E  "V  I  E  ^W  S- 


Mantjal  op  Geology,  Theobktioal  and  Praotioal.  By  John 
Phillips,  LL.D.,  F.RS. — Part  11.  Stratigbaphioal  Gbology 
and  Paleontology.  Edited  by  Kobbrt  Ethkbidge,  F.R.S., 
Assistant-Keeper,  Geological  Department,  British  Museum, 
pp.  712,  with  33  plates,  116  tables  of  organic  remains,  and  full 
index.     (London:   Charles  Griffin  &  Co.,  1885.) 

LAST  year  the  first  instalment  of  the  new  edition  of  "  Phillips's 
Manual  of  Geology,"  by  Prof.  Seeley,  was  reviewed  in  the 
Geol.  Mag.  We  have  now  to  welcome  the  companion  volume  from 
the  pen  of  Mr.  Robert  Etheridge,  for  many  years  Palaaontologist  to 
the  Geological  Survey,  and  quite  recently  President  of  the  Geological 
Society  of  London.  Owing  to  the  great  amount  of  matter  contained 
in  this  work,  the  publication  has  been  somewhat  delayed,  and 
students  of  geology  have  been  anxiously  waiting  for  the  appearance 
of  the  long-promised  volume.  It  is  only  right  to  remark  that, 
although  beaming  the  name  of  Phillips,  Part  11.  contains  very  little 
of  the  original  text— less  indeed  than  the  part  edited  by  Prof. 
Seeley.  This  circumstance  arises  from  the  nature  of  the  subject, 
and  from  the  great  advances  which  have  been  made  in  stratigraphical 
geology,  both  at  home  and  abroad,  no  less  than  in  palsBontology, 
during  the  last  30  years.  The  original  illustrations  of  organic  remains 
have  been  culled  and  added  to,  and  these  now  form  a  series  of  33 
plates,  which  contribute  much  to  the  instructive  character  of  the 
work  before  us. 

The  publishers  have  been  fortunate  in  securing  the  services  of  Mr. 
Etheridge  for  this  great  task,  requiring  qualifications  which  he 
probably  possesses  to  a  greater  degree  than  any  of  his  con- 
temporaries. He  has  had  immense  experience  as  Palaeontologist 
to  the  Survey,  whose  valuable  collections  it  was  his  duty  to  sift 
and  in  part  arrange  during  the  many  years  he  was  at  Jermyn 
Street.  His  two  addresses  from  the  Chair  of  the  Geological 
Society  afibrded  also  an  intimation  of  the  great  stores  of  knowledge 
which  he  had  accumulated.  Moreover,  his  well-known  industry 
and  peculiar  aptitude  for  arranging  facts  in  a  tabular  form  eminently 
fitted  him  for  the  work  he  has  undertaken.  The  records  of  geological 
literature  are  becoming  so  vast  that  it  requires  an  almost  gigantic 
industry  to  deal  with  them.  Hence  the  size  of  publications,  nowadays, 
is  almost  more  portentous  than  their  number,  and  in  this  case  it  has 
evidently  been  a  difficult  matter  to  condense  the  subject  within  the 
limits  of  a  single  volume. 

A  bird's  eye  view  of  the  geology  of  the  British  Isles  in  the  shape 
of  a  small  map  constitutes  the  frontispiece.  The  general  result  is 
sufficiently  accurate  considering  the  smallness  of  the  scale,  but  in 
one  or  two  cases  (Cornwall  for  instance)  the  colours  denoting  Granite 
and  Basalt  respectively  have  got  transposed.  The  author  still  depicts 
the  great  mass  of  the  Scotch  Highlands  as  Lower  Silurian ;  and 
indeed  who  shall  gainsay  him  in  the  present  state  of  the  controversy  ? 
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If  the  so-called  Upper  Gneiss  is  to  be  regarded  as  the  result  of  the 
rolling  out  of  Arcbasan  rocks  in  PalsBOzoic  times,  with  tbe  prodaction 
of  abundant  crystalline  change,  and  in  some  cases  even  with  an  incor- 
poration  of  PalsBOzoic  strata,  it  becomes  almost  a  point  of  casuistry 
to  what  period  these  great  mountain  masses  should  be  assigned. 

In  the  earliest  chapters  the  author  devotes  a  few  pages  to  the 
beginning  of  things,  though  of  actual  C!osmogony  there  is  none.  He 
still  seems  to  r^ard  "  Eozoon  "  as  a  gigantic  Foraminifer,  which 
flourished  in  the  earlier  seas  under  a  temperature  a  little  below  boil- 
ing point.  After  comparatively  brief  allusions  to  Archaean  topics,  he 
fairly  settles  down  to  his  work  (Chapter  IV.),  and  with  the  help  of 
Dr.  Hicks  gives  us  the  base  of  the  PalsBozoic  column  as  it  appears  in 
England. 

Part  L  of  this  volume,  with  the  exception  of  the  introducttay 
matter  previously  noted,  is  devoted  to  the  Lowbb  PaLlEOZOIG  Rocks 
(Chapters  IV. — XVII.  inclusive),  and  maybe  regarded  as  containing 
a  most  exhaustive  summary  of  the  several  faunas  hitherto  discovered 
in  the  British  area.  It  might  perhaps  be  going  too  far  to  say  that  the 
arrangement  in  all  cases  is  not  open  to  criticism.  The  author  seems 
to  have  had  such  a  press  of  matter,  that  he  has  been  somewhat 
puzzled  where  and  how  to  place  it,  and  his  difficulty  has  been  further 
increased  by  the  conflicting  nomenclature  of  the  system  itself  and 
its  primary  divisions. 

The  Harlech  or  Longmynds,  the  Menevians,  the  Lingnla  Flags, 
and  the  Tremadoc  rocks  constitute  the  first  or  lowest  section.  This 
section  corresponds  to  a  certain  extent  with  the  first  or  primordial 
fauna  of  Barrande.  Most  of  the  great  groups  of  Invertebrates  here 
enter  an  appearance  for  the  first  time.  This  fauna  is  rich  in  Trilo- 
bites,  especially  of  the  genera  Agnostm,  Paradoxides,  Niobej  etc  As 
an  example  of  the  author's  method  of  handling  a  particular  series  we 
append  an  abridgment  of  the  "  Palseontology  of  the  Lower  Tremadoc 
Kocks"  (p.  54):— 

"  Hydbozoa.— The  Shineton  Tremadoc  rocks  have  yielded  two 
species,  Clonograpius  and  Bryograptua  Callavei,  of  Lapworth,  both 
belonging  to  the  family  DicbograptidsB.  These  are  the  oldest  Bhabdo- 
phora  known, 

"  AcTiNozoA. — None  known  below  the  Llandeilo  rocks. 

"  EcHiNODEBMATA. — Dcndrocrtnus  cambrenstSt  Hicks,  and  Palo- 
asterina  Bamseyensis,  Hicks,  are  both  from  the  Lower  Tremadoc  heds 
of  Eamsey  Island,  St.  Davids ;  they  are  the  first  knoton  species  of  the 
orders  Cnnoidea  and  Asteroidea. 

**  Cbustacea. — Only  two  new  genera  appear  with  the  coming-in 
of  the  Lower  Tremadoc  .  .  .  ;  but  the  whole  Crustacean  fauna 
comprises  13  genera  and  24  species,  of  which  10  genera  and  19 
species  especially  characterize  the  Lower  Tremadoc.  They  are  so 
essential  to  a  right  understanding  of  the  Lower  Tremadoc  rocks,  and 
so  distinct  from  the  fossils  of  the  Upper  Lingula  Flags,  that  we 
enumerate  them The  Lower  and  Upper  Tremadoc  are  con- 
nected only  by  AgnoKtus  princeps,  Ampyx  pranuntius,  and  Ogygia 
scuta  trix. 
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"PoLTZOA. — Dietyonema  sociale  as  in  the  Upper  Lingula  Flags, 
also  near  Tremadoo  in  the  passage-beds. 

"  Bbaohiopoda. — The  Lower  Tremadoo  Brachiopoda  are  .... 
Four  of  these  genera  and  6  of  the  11  species  pass  to  the  Upper 
Tremadoo 

'*  Pelbcypoda  (Lamellibranohiata). — The  Tremadoo  rooks  of 
Bamsey  Island  have  yielded  the  first  evidence  of  Pelecypod  or 
bivalve  moUusoan  life  in  Britain.  They  are  referable  to  5  genera 
and  12  species  —  Davidia  (2),  Glyptarca  (2),  Modiolopsis  (4), 
PaUearca  (2),  and  Cienodonta  (2) ;  none  of  the  species  are  known 
out  of  ...  .  the  Lower  Tremadoo. 

"  Gasteropoda. — None  known  below  the  Arenig  rocks. 

''  Ptebopoda. — ^The  genus  Theea  is  represented  by  five  species  in 
the  Lower  Tremadoa  ....  The  thi-ee  first  named  pass  to  the 
Upper  Tremadoc.  .... 

<*  Hetbropoda. — Bellerophon  ramsayenais  and  B,  aolvenaia  charac- 
terize the  Tremanhire  or  Solva  and  Bamsay  Island  beds. 

"  Cephalopoda.    None  below  the  Upper  Tremadoo." 

Beferring  to  the  Hydrozoa,  there  appears  to  be  a  slight  slip  on 
p.  58,  where  the  author  says,  '*  No  Bhabdophora  are  known  below 
the  Arenig  rocks,"  and  also  at  p.  59,  where  he  says,  "No  Bhabdophora 
occur  below  this  line  anywhere."  It  is  true  that  in  both  these  cases 
he  is  alluding  to  Wales,  but  it  would  have  been  safer  to  have  made 
a  reservation.  Again,  in  the  general  table,  page  141,  he  quotes 
Diplograptua  priatia  and  D.  folium  as  occurring  in'*  Tremadoo  Slates." 

The  second  section  of  the  Lower  Palasozoic  rocks  comprises 
the  Arenig  or  Skiddaw  series;  the  Lower  Bala  and  Llaudeilo 
Flags ;  the  Oaradoc  Sandstone,  Bala  Beds  and  Coniston  Limestone ; 
and  lastly  the  Lower  Llandovery  rocks.  This  grouping  corresponds 
in  the  main  with  the  second  fauna  of  Barrande,  and  comprises  the 
principal  portion  of  the  Lower  Silurian  of  the  Geological  Survey. 
The  author  has  largely  availed  himself  of  the  discoveries  of  Harkness, 
Nicholson,  Hicks,  Lapworth  and  Callaway,  whose  labours,  since  the 
first  appearance  of  Phillips's  Manual,  have  shed  such  a  flood  of  light 
on  the  palaeontology  of  these  at  that  time  little  known  rocks.  It  is 
quite  within  the  memory  of  many  of  us  that  the  Skiddaw  rocks  were 
supposed  to  contain  hardly  any  fossils :  yet  here  we  find  70  species 
enumerated,  mostly  Graptolites.  There  may  be  some  numerical 
error  here,  however ;  for  at  p.  63  he  says  that  28  species  of  Bhabdo- 
phora occur  in  the  Skiddaw  Group,  whilst  in  Table  VIII.  p.  66,  there 
are  48  species  of  Hydrozoa  enumerated  from  Skiddaw,  which  is  in 
Cumberland,  and  not  in  Westmoreland,  as  the  author  supposes.  In  the 
corresponding  Arenigs  of  South  Wales,  out  of  88  species  enumerated, 
the  Hydrozoa  and  Crustacea  are  about  equally  represented. 

Certain  authorities  object  to  the  per-oentage  system,  which  is  no 
doubt  somewhat  inelastic,  and  was  perhaps  more  calculated  to 
command  attention  in  the  days  when  people  attached  greater 
importance  to  "species"  than  is  now  the  case.  We  know  for 
instance  that  Mr.  Marr  demurs  to  the  system  as  one  which  in  the 
present  state  of  synonymy  and  incomplete  determination  of  forms 
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is  premature,  if  not  altogether  objectionable.  Neverthelees  it  is  a 
rough  and  ready  sort  of  way  of  separating  the  several  series,  and 
certainly  it  is  impossible  not  to  admit  the  distinctness  of  such  a 
fauna  as  the  Arenig  for  instance,  ushered  in  by  an  influx  of  Grapto- 
lites,  and  terminated,  Mr.  Etheridge  tells  us,  by  a  change  of  genera 
and  species  which  has  scarcely  any  parallel  in  the  Palaeozoic  rocks. 

That  this  should  be  the  case  in  the  Lake  District  is  not  to  be 
wondered  at,  since  some  of  the  thickest  volcanic  aocmnulationa 
known  in  these  islands  are  superimposed;  and  the  author  hints 
(p.  68)  that  the  Bonowdale  series  may,  in  Wales,  be  represented 
by  the  Aran  and  the  Arenig  volcanic  beds,  the  LlandeUo  slates, 
and  the  Snowdon  volcanic  series.  Subsequently  (p.  80)  he  throws 
doubts  on  the  Llandeilo  age  of  the  Borrowdale  rocks  "from  the 
fact  that  the  great  series  of  Llandeilo  rocks  in  the  south-west  of 
Scotland  appears  to  be  free  from  intermixture  with  oontemporaneoos 
igneous  matter." 

The  Llandeilo  age  of  the  Lower  Moffat  Shales  is  determined 
through  the  total  absence  of  those  complex  Arenig  forms  of  Diekth- 
grapti,  Tetragrapti  and  Phyllograptiy  so  characteristic  a  feature  of 
the  Graptolithic  fauna  of  the  Skiddaw,  Shelve,  and  St  Davids 
beds,  together  with  their  Canadian  equivalents.  It  is  through  the 
Hydrozoa,  Crustacea,  and  Brachiopoda  chiefly  that  the  Llandeilo 
rocks  are  connected  with  the  overlying  Bala  or  Caradoc ;  77  species 
out  of  175  passing  from  the  former  to  the  latter.  The  Sedgwickian, 
we  know,  would  do  away  with  the  Llandeilo  altogether  as  a  geolo- 
gical series,  and  Mr.  Etheridge  considers  that  the  large  community 
of  species  is  confirmatory  of  the  views  of  Sedgwick  :  yet  in  spite  of 
this  he  gives  great  prominence  throughout  to  the  "  Llandeilo  Series," 
On  the  other  hand,  no  more  than  102  species  out  of  610  pass  horn 
the  Caradoc  to  the  Lower  Llandovery,  which,  together  with  the 
Upper  Llandovery,  he  suggests  might  be  classed  as  passage-beds 
under  the  title  of  Middle  Silurian.  Under  this  arraneeroent  the 
Wen  lock  and  Ludlow  series  would  constitute  the  fourth  and  final 
section  of  the  Lower  Palsaozoic  rocks. 

It  is  hardly  necessary  to  remark  that  in  all  cases  the  foreign 
equivalents  of  each  group  or  series  are  discussed  at  some  length ; 
and  if  the  reader  requires  further  information,  he  has  only  to  consult 
the  works  to  which  reference  is  made.  Meantime  he  is  reminded  of 
the  immense  amount  of  research  which  has  been  effected  of  late 
years  in  the  Lower  Palaeozoic  areas  both  of  Europe  and  America. 

On  pp.  139-141  is  given  a  "  Tabular  view  of  the  Cambrian  and 
Silurian  strata,  with  Physical  and  Palaeontological  particulars."  In 
this  table  the  Menevian  series  is  altogether  omitted,  or  else  absorbed 
in  the  Lingula  Flags.  On  pp.  142-149,  Table  XVI.  the  author 
enumerates  the  **  Organic  remains  of  the  Lower  Palasozoic  Strata  " : 
the  genera  are  arranged  alphabetically,  whilst  the  number  of  spedee 
is  brought  down  to  date.  Finally,  on  p.  150,  Table  XVIL  shows 
the  numerical  history  of  the  "  Lower  PaJaBOzoic  Series." 

We  have  noticed  at  some  length  the  author's  treatment  of  the 
Lower  Palaeozoic  rocks,  both  because  he  is  known  to  be  especially 
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TTell  acquainted  with  their  palaBontology,  and  also  as  affording  an 
example  of  his  mode  of  treatment  of  the  several  systems  which 
succeed.    The  remaining  notices  must  be  brief. 

Three  chapters  are  devoted  to  the  "Middle  Palaeozoic  Strata," 
comprising  the  Devonian  and  Old  Ked  Sandstone.  The  author  gives 
us  the  views  of  Prof.  Geikie  on  the  several  lakes  or  basins  in  which 
the  Old  Red  Sandstone  of  Britain  was  deposited :  also  a  very  detailed 
description  of  the  Devonian  rocks,  their  correlation  and  fauna. 
"Perhaps  during  no  period  in  the  physical  history  of  the  British 
Islands  has  such  an  assemblage  of  Actinozoa  occurred  as  that  which 
specifically  characterizes  the  Middle  Devonian  rocks  of  South  and 
North  Devon,  as  well  as  the  Ebenish  provinces,  Scandinavia,  and 
North  America  "  (p.  200).  "  With  the  exception  of  the  fishes  of  the 
Old  Bed  Sandstone  (120  species),  the  Brachiopoda  is  the  largest 
group  of  the  British  Devonian  rocks.  We  should  expect  this  when 
we  know  that  no  less  than  61  genera  and  over  1100  foreign  described 
species  have  passed  through  the  hands  of  European,  American,  and 
British  palsdontologists.  Of  these  1100  species  only  114are  British  " 
(p.  202).  We  have  reason  to  rejoice  in  the  reflection  that  our  native 
palsdontologists  have  been  comparatively  mercifuL 

Six  chapters  are  devoted  to  the  "  Upper  Palaeozoic  Strata,"  or  in 
other  words  to  the  Carboniferous  system,  which  in  England,  according 
to  the  author,  when  fully  expanded,  admits  of  division  into  the 
following  six  groups,  not,  however,  to  be  found  together  in  every 
district 

Coal  Measuret  \  tt«««.  p*««« 

Millstone  Grit  )  ^PP^  ^^''P- 

Toredale  Rocks  ( 

Bear  Limestone  |  t^««.  n^„^ 

Lower  Limestone  Shales    ^^"  ^~"P- 

Calciferous  Sandstone      ) 

Subsequently  this  is  replaced  by  a  quaternary  grouping. 

The  author  devotes  a  chapter  to  general  considerations  of  the 
Carboniferous  system,  and  we  find  at  p.  225  the  remarkable  state- 
ment that  the  Upper  or  true  Coal  Measures  were  chiefly,  if  not 
entirely,  ''terrestrial  or  land  formations."  Surely  these  extensive 
accumulations,  in  places.  12,000  feet  thick,  were  laid  down  in  water, 
though  such  water  may  have  been  fresh  or  brackish  for  the  most  part ; 
even  if  the  Coal  itself,  which  forms  but  a  fraction  of  the  Coal-measures, 
hiippened  to  have  been  formed  on  a  land  surface.  In  connection 
with  the  Coal  areas  of  England,  he  makes  the  following  state- 
ment (p.  226),  "These  Coal-fields  are  separated  at  the  surface  by 
the  overlying  New  Bed  Sandstone.  ....  They  are,  however, 
connected  underneath."  Surely  this  is  not  so  in  all  cases,  since  the 
three  great  Coal  areas  of  Durham,  Lancashire,  and  South  Yorkshire 
are  separated  at  the  surface  by  lovoer  beds,  and  cannot  therefore 
possibly  be  connected  underneath,  although  they  may  have  once 
formed  parts  of  a  continuous  basin  of  deposit 

Chapters  on  the  Carboniferous  strata  of  Scotland  and  Ireland,  on 
the  Coal-fields  of  the  Continents  of  Europe  and  America,  and  General 
Considerations  relative  to  the  history  of  Coal  serve  to  show  how 
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...    10  g 

Lower  Limestone  Shale     ... 

...    22 

Carboniferous  Limestone  ... 

...     18 

Yoredale  Bocks 

...  none. 

Millstone  Grit    

...     10 

Lower  Coal-measnres 

...    64 

Middle 

...     84 

UPP« 

...     83 
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extensively  Mr.  Etheridge  has  dealt  with  this  most  important  subjecl 
before  attacking  the  paleeontology  in  detail. 

According  to  the  census  given  on  p.  276,  the  Plants  of  the  BritiA 
Carboniferous  rocks  number  75  genera  and  328  species,  their 
stratigraphical  distribution  through  the  following  eight  series  or 
groups  of  strata  being  as  follows : — 

and    12  specua. 

44  „ 

22  „ 

none. 

27  „ 

211  „ 

128  „ 

168  „ 

Ten  genera  are  largely  represented  in  Britain,  and  contain  192 
species  out  of  the  known  328 ;  they  are  Alethopterii  10  species, 
AsterophyUitet  12,  Calamitet  12,  Lepidodendron  22,  Lepidottrobms  8 
(probably  we  may  never  know  to  what  species  of  Lepidodendra  all 
these  Lepidostrohi  belong),  Neurapteris  23,  Fecopteris  29,  SigtUaria  31, 
8phenopieri$  34,  Ulodendron  11. 

With  regard  to  the  Actinozoa,  he  says  that  9  families,  S9  genera, 
and  145  species  constitute  the  Carboniferous  Coelenterate  fauna, 
the  most  prolific  families  being  the  Favositidsd  and  CyathophyllidsB. 
No  species  of  Coral  is  known  above  the  Yoredale  rooks,  and  only 
2  species  occur  in  that  series,  viz.  Favosites  tumidus  and  Zaphreniis 
PhilUpsiu  The  Carboniferous  Limestone  contains  nearly  all  the 
species  in  the  list,  and  evidence  may  be  obtained  of  extensive  reefs 
composed  mainly  of  Lithostrotion,  Lonsdaleiay  and  forms  of  Cyatho- 
phyllnm.  Of  the  Carboniferous  Poltzoa  he  further  says  that  "  as  a 
group  (they)  constitute  by  far  the  largest  series  in  any  division  of 
the  PaJiBOZoio  rocks."  Seventy-eight  species  range  through  the 
three  lower  horizons,  i.e.  through  the  Carboniferous  Limestone,  the 
Lower  Limestone  Shales,  and  the  Caloiferous  Sandstone,  the  whole 
group  essentially  belonging  to  the  calcareous  rocks  and  shalea. 
Ceriopora,  FenesteVa,  Qlancanome,  and  Polypora  are  the  most  prolific 
genera.  The  author  is  not  quite  correct  in  stating  that  not  a  single 
species  of  Polyzoa  occurs  in  the  Millstone  Grit ;  since  a  species  of 
Fenestella  is  by  no  means  uncommon  in  the  "  Cayton  Gill  Beds," 
though  possibly  it  may  not  have  been  named  as  yet  Nevertheless 
we  rather  think  that  it  is  quoted  in  one  of  Mr.  Fox  Strangway's 
Geological  Survey  Memoirs.  Moreover  we  believe  that  where  the 
limestones  are  thick  in  the  Yoredale  rocks,  possibly  more  than  two 
species  of  Corals  might  be  obtained. 

Two  chapters  are  devoted  to  the  **  Permian  or  Dyas  Strata,"  which 
the  author  regards  as  probably  of  freshwater  origin.  From  a  paragraph 
on  page  307  we  arrive  at  this  interpretation  of  fre^water : — 
"  The  water  in  these  basins  must  have  undergone  extreme  concen- 
tration, and  chemical  precipitation,  so  as  to  have  resulted  in  the 
accumulation  now  presented  of  dolomites,  saliferous  clays,  rock  salt, 
gypsum,  and  anhydrite."  Apart  irom  this  slip,  we  should  demur  to 
the  statement  that  much  of  the  Magnesian  Limestone  of  the  North 
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of  England  was  laid  down  in  freshwaier  even  of  this  peculiar  kind, 
when  we  bear  in  mind  the  oharaoter  of  its  fauna,  pauperized  it  is 
true  from  Carboniferous  types,  but  still  unmistakably  marine  wherever 
fossils  have  been  found.  Referring  onoe  more  to  the  conditions  of 
deposition  both  of  the  Permian  and  the  Trias,  no  one  will  quarrel 
with  the  author's  subsequent  statement  that  both  these  systems 
indicate  a  period  of  shallow  seas  and  general  disturbance  resulting 
in  the  formation  of  land  surfaces  inclosing  saline  lakes,  etc.  ''  During 
this  age  many  forms  of  life  disappeared,  and  were  replaced  by  others 
of  a  different  type  and  order  :  hence,  the  Permian  group  is  regarded 
as  PalsBozoio,  and  the  Triassic  as  Mesozoic/' 

Somewhat  less  than  one-half  of  the  volume  is  occupied  with  the 
Paladozoic  rocks,  and  of  this  portion  we  have  endeavoured  to  give 
a  brief  and  inadequate  notice,  showiiig  more  especially  the  methods 
adopted  by  the  author,  who  continues  to  treat  the  remainder  of  his 
subject  with  equal  fulness.  Indeed,  if  there  is  any  fault  to  find,  it 
would  be  that  too  much  matter  is  given,  that  the  several  paragraphs 
are  not  always  in  accord  with  each  other,  and  that  the  work  bears  the 
impress  of  having  been  written  at  different  times,  producing  rather  a 
want  of  uniformity  in  some  cases.  But  for  the  purposes  for  which 
it  is  required,  more  especially  as  a  work  of  reference,  this  Manual 
possesses  the  highest  value,  despite  such  trifling  and  obvious  slips  as 
we  have  noted.  We  would  especially  direct  attention  to  the  Tabular 
Summaries,  of  which  there  are  no  less  than  116  throughout  the  book. 
These  present,  in  a  most  condensed  form,  an  amount  of  information 
scarcely  to  be  found  in  any  other  work.  Undoubtedly  it  is  a  volume 
which  must  find  a  place  in  the  library  of  every  geologist  who  wishes 
to  know  what  has  been  done  in  stratigraphical  palceontology  during 
the  last  thirty  years.  W.  H.  U. 


Gkolooioal  Sooiktt  of  London. 

November  4,  1886.— Prof.  T.  G.  Bonney,  D.Sc..  LL.D.,  F.R.S., 
President,  in  the  Chair. — ^The  following  communications  were  read  : 

1.  «*0n  the  Premaxillaries  and  Scalpriform  Teeth  of  a  large 
Extinct  Wombat  {PhaseolomyB  curvirostria,  Ow.)."  By  Sir  Kichard 
Owen,  K.C.B.,  F.R.S.,  F.G.S. 

The  specimen  described  in  this  paper  is  a  cast  from  a  fossil  dis- 
covered in  a  late  exploration  of  the  Wellington  bone-caves,  and 
sent  to  the  author  with  some  other  casts  from  the  same  collection  by 
the  authorities  of  the  Australian  Museum,  Sydney,  New  South  Wales. 

The  fragments  in  question  consist  of  the  premaxillary  bones,  con- 
taining a  pair  of  scalpriform  incisors,  160  millim.  (6^  inches)  long, 
measured  along  the  outer  curve. 

The  teeth  and  the  fragments  of  bone  in  which  they  are  implanted 
were  described  in  detail,  and  referred  to  the  Wombat  family.  The 
animal  to  which  they  belonged  must  have  been  somewhat  larger 
than  Fhascolomys  medius,  Owen,  but  less  than  the  type  of  the  sub- 
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genus  PhaseolomyB,  The  speoifio  name  is  suggested  by  the  chief 
characters  that  distinguish  the  present  form  from  any  hitherto 
known,  reoent  or  distinct 

2.  **  On  the  Structure  and  Chissifioatory  Position  of  some  Madre- 
poraria  from  the  Secondary  Strata  of  England  and  South  Wales."  By 
Prof.  P.  Martin  Duncan,  M.B.,  F.R.S.,  F.G.S. 

This  paper  consisted  chiefly  of  a  criticism  of  the  oondusionB 
arrived  at  by  Mr.  R.  F.  Tomes  in  various  papers  communicated  to 
the  Society. 

All  the  species  of  the  genus  Astroeomia  which  were  described  in 
the  Supplement  to  the  British  Fossil  Corals,  Pal.  Soa  1867,  from 
the  Infra-Lias  of  South  Wales,  belong  to  that  genus,  and  not  to 
Siylastraa,  de  From.  The  drawing  of  Aitroccsnia  plana,  Duna, 
given  by  Mr.  Tomes,  does  not  correspond  with  the  type  specimen  of 
the  species.  Stylastraa  iinemuriensia  and  8.  Martim,  de  From.,  do 
not  form  part  of  the  fauna  of  the  Infra-Lias  of  South  Wales. 
Cyathoccenia,  Dune,  is  not  the  same  as  PhyUocoBnia^  Laube,  which 
is  Koiloccsnia,  Dune.  Theeosmtiia  Martini  and  T.  Miehelim  of  the 
European  Hettangian  are  found  in  the  Infra-Lias  of  Englaod. 
T.  rugosa,  Laube,  was  first  noticed  in  the  Memoir  of  the  Corals  of 
the  zone  of  Ammonites  angulatns.  Pal.  Soc.  1867,  and  the  species 
was  properly  figured.  Cladopkyllia  is  a  subgenus  of  TheeosmHia. 
Elysastraa,  Laube,  has  two  well-marked  species  in  the  Sutton  Stone. 
Montlivaltia  simplex  has  the  shape  of  the  calice  not  merely  dependent 
on  pressure,  but  caused  by  normal  growth,  M.  Wallia,  Duna,  has  no 
evidence  of  **  rejuvenescence,''  and  the  growth  noticed  is  endothecal, 
and  would  be  termed  by  Lindstr6m  **  stereoplasm."  M.  polymorpka, 
Terquem  et  Piette,  remains  a  member  of  the  Infra-Lias  fauna.  U. 
pedunctdata,  Dune.,  is  not  a  Cladophyllia,  but  a  simple  coral  of  the 
genus  to  which  it  was  assigned  by  the  author,  llie  geological 
position  of  the  Sutton  Stone  and  associated  deposits  is,  from  the 
paleeontological  evidence,  above  the  Hhsatic  series. 

The  cast  of  a  Montlivaltia,  figured  by  the  author  in  tbe  Memoir 
on  the  Corals  of  the  Zone  of  A,  angidatvs,  Pal.  Soc.  1868,  p.  68,  does 
not  coincide  with  M,  rhatica.  Tomes,  but  with  JIf.  Baimei,  M 
foliacea,  Tomes,  has  not  nine  cycles  of  septa,  as  stated  by  its 
describer.  The  septal  arrangement  of  M,  excavata,  Tomes,  and 
M,  papyracea,  Tomes,  is  doubtful.  Thamnastraa  is  not  a  perforate 
coral,  but  a  Fungi d.  Synastraa  and  Centrastraa  were  not  founded 
by  M.  de  Fromentel ;  the  former  originated  with  Milne  E^lwards, 
and  the  latter  with  d'Orbigny.  Centrastraa  is  not  synonymous 
with  Astraomorpha.  Oroseris  is  not  a  perforate  coral ;  and  Milne 
Edwards  and  Jules  Haimes  were  quite  correct  in  stating  that  the  genus 
"  se  rapproche  beaucoup  des  Comosetis ; "  and  it  is  incorrect  to  state 
that  one  genus  really  bears  but  a  faint  resemblance  to  tbe  other. 
Oroseris  is  a  subgenus  of  Comoseris,  which  is  not  one  of  the  Perforata. 

Microsolena,  Lmx.,  is  one  of  the  Fungida. 

Cyathophyllia,  E.  de  From.,  is  posterior  in  date  to  Antillia,  Dune, 
and  therefore  C.  oolitica,  Tomes,  is  Antillia  ooUtica,  Tomes,  sp.; 
but  as  Antillia  is  a  subgenus  of  Circophyllia,  Edw.  &  H.,  the  name 
should  be  Circophyllia  oolitica,  Tomes,  sp. 
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What  18  termed  the  "rejuvenescence"  of  corals  by  some  zoophy- 
tologists  has  been  long  recognized  as  irregularity  of  growth,  and 
there  should  be  no  difficulty  in  distinguishing  worn  growth-rings 
from  calicular  gemmation ;  but  this  has  been  confounded  with  the 
other  condition.  Oppelismilia,  Dune,  is  retained  as  a  subgenus  of 
MontlivaUia.  Axosmilia  Wrighti,  Edw.  &  H.,  and  Montlivaltia  Holli 
{Oppelismilia,  Dune),  are  not  identical,  they  are  both  simple  corals 
and  differ  from  the  fasciculate  and  compound  genus  Donacosmiltaf 
E.  de  From.  Epiamilia  is  a  worthless  genus,  because  one  can  never 
be  certain  that  the  septa  were  not  once  spinose;  moreover,  the 
presence  and  absence  of  spines  and  dentations  on  the  free  edges  of 
the  septa  are  not  of  physiological  importance,  and  there  is  no  dis- 
tinction to  be  made  between  the  soft  parts  of  the  recent  corals  with 
and  without  ragged  septa.  Clausastraa  consobrina,  Edw.  &  H.,  is 
not  a  species  of  Confmaatnsa.  Isastraa  tenmstrtatay  M'Coy,  sp., 
confounded  with  some  other  form,  but  not  by  its  author,  is  a  true 
Isastrean.  Confusastraa  tenuistriata,  Tomes,  cannot  remain  in  the 
genus,  for  it  has  characters  which  do  not  belong  to  it  Chart sastraa, 
de  From.,  is  not  a  good  genus  according  to  Milne  Edwards  and 
Jules  Haime,  Beuss  and  Stoliczka ;  it  makes  a  method  of  growth 
which  is  common  to  several  fossil  and  recent  genera  of  primary 
importance.  Thecoamilia  gregaria  and  T.  obtusa  are  names  which 
should  be  retained,  and  the  forms  should  be  removed  from  Chorisas- 
traa,  Heterogyra,  Beuss,  is  a  good  genus.  Symphyllia  Etheridgiif 
Dune,  belongs  to  the  genus  with  which  it  is  associated,  and  not  to 
Fhyllogyra,  Tomes.  ThecoBeris  is  an  epithecate  Leptophyllia,  and 
T.  polymorplia,  Tomes,  is  quite  distinct  in  its  morphology  from  Tur^ 
binoserie  and  PaloBoseris,  Dune.  Oryptoccenia,  d*Orb.,  is  an  imper- 
fectly distinguished  genus,  and  is  replaced  by  Cyathophora,  Edw.  & 
H.  Therefore  Cyathophora  tuberosa,  Dune,  which  has  not  a  close 
resemblance  with  C,  Luciensie,  Edw.  &  H.,  and  also  C.  Pratti,  Edw. 
&  H.,  remain  as  good  species  of  their  genus.  The  septal  arrange- 
ment of  what  is  termed  Cryptoccenia  microphylla,  Tomes,  is  incorrectly 
given.  MoiUUvaltia  earyophyUata,  Edw.  &  H.,  had  not  its  septa 
wrongly  described  by  its  illustrious  authors ;  Mr.  Tomes  says  that 
they  mcuie  an  obvious  mistake,  and  his  own  accusation  proves  that 
they  were  correct  The  subject  of  fissiparity  was  not  originally 
introduced  by  M.  de  Fromentel,  but  was  well  understood  at  the 
time  when  he  wrote.  The  walls  are  not  defective  in  corals  increas- 
ing fissiparously.  Fissiparity  and  gemmation  were  not  confounded 
by  Milne  Edwards  and  J.  Haime  or  by  the  author.  Thecosmilia 
Slatterif  Tomes,  is  a  variety  of  Cladophyllia  Babeana,  The  figure 
given  by  the  author  of  Thamnastrc^a  Waltoni,  Edw.  and  H.,  has  been 
misapprehended. 

laastroBa  oblonga^  Edw.  &  H.,  was  correctly  described  by  those 
authors,  and  no  addition  to  our  knowledge  of  the  form  has  been 
made.  The  genus  iBoatraa  has  its  species  budding  within  the  calice 
and  close  to  the  outer  wall,  never,  as  stated,  between  the  walls  of 
oalioes.  Heliocoenia  is  a  subgenus  of  Stylina,  and  differs  from  PlacO' 
ccenia,  d'Orb.     Isaalraa  Conybearii,  Edw.  &  H.,  is  a  good  species ; 
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it  is  not  the  same  as  Clausaatraa  =  PlerastrcBa  Praitt,  Edw.  &  H. 
The  type  specimen  of  Plerastraa  PraUi,  Edw.  &  H.,  has  a  columella, 
and  the  authors  of  the  genus  did  not  describe  it  as  having  an 
essential  columella.  BathyeceniOy  Tomes :  nothing  was  stated  in  the 
work  called  "  A  Revision  of  the  Genera  of  Madreporaria  "  about  the 
similarity  of  this  genus  and  Stylosmilia  ;  this  is  a  statement  difficult 
of  explanation. 

Every  one  of  these  numerous  statements  is  made  in  opposition  to 
the  opinions  of  Mr.  Tomes.  Proper  acknowledgment  is  made 
regarding  the  useful  knowledge  conveyed  by  Mr.  Tomes  about  the 
localities  of  corals  and  the  zones  which  some  frequent 

The  author  of  this  communication  agrees  with  Mr.  Tomes  on  two 
points :  Mr.  Tomes  has  shown  that,  owing  to  the  matrix  of  Cydo- 
lytes  Lycetti,  Dune,  not  being  sufficiently  removed,  the  form  is  his 
Dimorphastraa  dubia,  and  that  properly  the  generic  name  should  be 
Dimorpharaa.  Again,  Mr.  Tomes  has  raised  much  doubt  in  the 
author's  mind  where  a  species  is  placed  by  him  under  the  genus  Lepi* 
dophyllia,  Duna,  should  be  placed ;  probably  it  will  have  to  come 
within  Donacosmilia,  as  stated  by  Mr.  Tomes;  but  Donacostnilia 
requires  careful  working  out. 

3.  "  On  the  Astroccenta  of  the  Sutton  Stone  of  the  Infra-Lias  of 
South  Wales."     By  Prof.  P.  Martin  Duncan,  M.B.,  F.R.S.,  F.G.S. 

The  species  which  were  placed  in  the  genus  A$troccema,  and 
which  came  from  the  Sutton  Stone  and  Brocastle  deposits  of  the 
Infra-Lias  of  South  Wales,  were  re-examined  in  the  instance  of 
A.  gibhosa,  A.  insignis,  A.  parasitica j  and  A,  plana  (Dune.).  ITiese 
species  were  originally  described  by  the  author  in  his  '  Monograph 
of  the  British  Fossil  Corals,'  second  series.  Pal.  Soc.  1867,  pt  iv. 
No.  1,  and  were  illustrated.  A  good  specimen  of  A.  gibbosa  is  de- 
scribed, and  its  structures  are  shown  to  be  strictly  Astroccenian. 
The  dififerent  states  of  the  corallites  produced  by  various  conditions, 
such  as  growth  and  gemmation,  were  explained.  The  same  course 
was  taken  with  reference  to  A,  insignia  and  A.  parasitica,  and  the 
density  of  the  united  walls  was  shown  to  have  nothing  to  do  with 
any  intermural  structure  or  coenenchyma  in  that  sense. 

A,  plana  was  critically  examined,  and  as  it  has  all  the  characters 
of  typical  Astroccenia,  it  remains  in  that  genus  with  the  others. 


COErErESIPOITDElsrCE. 

PAL^ONTOLOGICAL  NOMENCLATURE. 
Sib, — With  your  permission  I  wish  to  present  some  remarks  on 
the  review  of  certain  of  my  papers  which  Mr.  Lydekker  published 
in  the  number  of  the  Gkolooigal  Magazine  for  October,  1885. 
The  author  of  the  review  in  question  does  me  the  honour  to  agree 
with  me  in  my  determinations  of  affinities,  but  he  expresses  general 
disapproval  of  my  systematic  methods.  While  I  am  much  gratified 
at  the  agreement  in  more  important  matters  thus  expressed  or  im- 
plied, I  think  it  very  desirable  that  there  should  be  a  harmony  of 
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action  between  naturalists  in  questions  of  classification  and  nomen- 
clature. Scientific  truth  is  involved  in  the  former,  and  convenience 
in  the  latter. 

In  the  first  place  I  shall  be  sustained  in  differing  from  Mr.  Lydek- 
ker  whenever  he  fails  to  comply  with  that  bulwark  of  the  language 
of  science,  the  law  of  priority.  Except  in  the  matter  of  the  termina- 
tion of  the  family  name  in  idcB,  and  its  derivation  from  some  genus 
embraced  in  it,  any  name  proposed  first  and  accompanied  by  a  defi- 
nition, must  be  used  in  preference  to  any  later  name.  I  take  it  that 
this  rule  applies  to  all  scientific  terms  whatsoever,  which  belong  to 
any  object,  or  definite  idea  abstracted  from  objects,  provided  the 
name  be  not  false  in  its  significance.  Hence  it  will  not  be  proper 
to  yield  to  mere  preferences,  as  for  instance  that  of  Mr.  Lydekker, 
who  would  rather  name  orders  and  suborders  from  some  genus 
which  they  contain,  when  other  names  have  already  been  proposed 
in  accordance  with  the  rules. 

In  the  application  of  this  rule  to  the  use  of  i^mes  for  divisions  of 
higher  rank  than  families,  room  for  the  exercise  of  some  discretion 
may  be  found.  If  a  name  be  applied  by  its  author  to  a  group,  there 
are  two  ways  of  learning  what  the  proposer  of  the  name  had  in  view 
or  the  idea  he  intends  to  express  ;  or,  in  other  words,  what  he  would 
include  within  its  limits.  One  indication  is  to  be  found  in  his  diag- 
nosis ;  the  other  in  the  contents  of  described  objects  which  he  em- 
braces in  it  I  claim,  and  I  find  that  custom  sanctions  the  claim, 
that  the  name  should  be  retained  for  the  division  thus  indicated,  and 
for  nothing  else ;  and  if  both  diagnosis  and  content  do  not  represent 
any  natural  or  tenable  division,  that  the  name  should  be  dropped. 
In  insisting  on  the  applicability  of  diagnosis  or  content  to  something 
real,  as  the  ground  of  the  acceptance  of  a  proposed  group  and  of  its 
name,  I  of  course  do  not  expect  completeness  in  either  of  the  con- 
ditions. In  fact,  these  characteristics  are  never  to  be  expected  in  the 
early  stages  of  science.  But  incompleteness  is  not  falsity.  An 
example  of  a  false  division  with  a  false  diagnosis  is  to  be  found  in 
the  supposed  order  of  Pachydermata,  the  name  of  which  is  positively 
rejected,  and  is  not  applied  to  one  of  those  fragments  of  it  which 
are  natural  divisions.  Another  false  group  is  the  Theriodonta,  which 
was  applied  to  some  South  African  reptiles  of  Permian  age.  The 
definition,  based  on  the  dentition,  does  not  define  an  order,  and  is 
common  to  more  than  one  family,  and  the  contents  of  the  division 
agree  with  the  definition.  As  types  with  grinding  teeth  clearly 
belong  to  the  same  order  and  suborder,  there  seems  to  be  no  place 
for  the  name. 

To  apply  these  propositions  to  the  cases  found  in  my  papers  and 
criticized  by  Mr.  Lydekker.  While  the  Condylarthra  do  agree 
generally  with  the  Hyracoidea,  the  differences  are  so  important, 
especially  in  the  form  of  the  ungual  phalanges,  that  I  cannot  refer 
them  to  the  same  suborder  at  least.  Nor  am  1  justified  in  applying 
the  term  Hyracoidea  to  the  two  divisions  combined,  as  they  certainly 
must  be,  for  the  group  Hyracoidea  has  already  a  meaning  and  cur- 
rency which  it  is  not  wise  to  attempt  to  disturb.     Should  I  do  so» 
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the  result  would  be  more  oomplex  than  that  which  I  haye  preferred, 
for  not  only  would  the  significance  of  the  name  Hyraooidea  be 
changed,  but  I  would  have  to  make  a  new  name  for  the  Hyraooidea 
proper  of  older  authors.  The  same  reasoning  applies  to  the  case 
of  the  Inseotivora.  I  must  either  change  the  significance  of  the  now 
generally  adopted  term,  or  give  a  new  name  to  the  major  division 
of  which  it  forms  only  a  part. 

I  now  come  to  a  second  branch  of  the  subject,  and  that  is,  the 
question  of  the  definition  of  divisions.  I  lay  down  the  principle, 
which  is,  I  believe,  a  generally  accepted  one,  that  classification  cod« 
sists  of  precise  definitions ;  and  that  the  aim  of  the  systematlst 
should  be  to  attain  as  great  precision  as  the  nature  of  the  case  will 
permit  The  fact  that  all  definitions  which  separate  adjacent  groups 
will  be  ultimately  found  to  be  fallible,  does  not  permit  us  to  fall 
into  inexact  and  inconsistent  methods  of  definition.  Any  absolute 
di£ference  in  the  number  of  parts  must  be  noticed  in  the  system  as 
indices  of  the  steps  on  the  lines  of  desoent  It  is  only  proportiona, 
dimensions,  and  texture  which  define  species,  as  represented  by  their 
fossil  remains.  Any  system  which  places  animals  with  four  digits 
in  the  same  genus  with  others  possessing  three  digits,  is  inexact. 
Any  system  which  places  animals  with  four  premolar  teeth  in  the 
same  genus  with  those  with  three  premolars  is  inexact,  unless  it  can 
be  shown  that  some  species  has  indi£ferently  three  or  four  premolars. 
A  system  which  includes  animals  with  a  scapholunar  bone  in  the 
same  division  with  animals  with  distinct  scaphoid  and  lunar  bones, 
is  inexact.  I  think  it  will  be  ultimately  agreed  that  animals  with 
tritubercular  superior  molars  must  be  more  widely  separated  from 
those  with  quadrituberculai's,  than  has  hitherto  been  accepted. 
Nevertheless  I  admit  that  every  character  loses  its  value  somewhere 
because  of  variability.  But  cases  where  such  are  not  variable  must 
be  carefully  distinguished  from  those  where  they  are. 

To  again  illustrate  this  point  from  those  brought  forward  by  Mr. 
Lydekker.  My  critic  "  prefers  "  to  arrange  the  Creodonta  with  the 
Camivora,  although  they  have  no  scapholunar  bone.  Now,  I  ask, 
what  will  be  the  definition  of  the  order  Camivora,  if  we  reject  this 
character  ?  There  will  be  none,  as  the  latter  constitutes  Uie  only 
bond  of  union  between  its  diverse  forms.  As  if  an  unconscious 
cerebration  opposed  this  view,  Mr.  Lydekker  maintains  the  division 
Creodonta,  but  gives  it  a  new  name,  *' Camivora  primigenia,"  a 
name  to  which  the  law  of  priority  opposes  an  objection.  Secondly, 
on  any  character  at  present  known  the  division  called  Inseotivora  is 
heterogeneous,  and  so  soon  as  exact  definitions  are  demanded,  it 
requires  subdivision.^  In  order  to  distinguish  these  subdivisions  as 
a  whole,  with  the  allied  ones,  which  are  clearly  neither  Edentata, 
Chiroptera  nor  Bodentia,  I  applied  to  them  all,  as  an  order,  the 
name  Bunotheria.  This  group  is  as  definable  as  any  of  the  others 
named,  and  has  equal  rank.  It  is  the  primitive  form  of  placental 
unguiculate  mammal,  just  as  the  Taxeopora  is  the  primitive  type  of 
primitive  ungulate  mammal. 

^  Some  of  this  work  remains  to  be  done. 
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I  must  now  explain  my  use  of  the  term  Ungnlata.  Lamarck  in 
his  Philosophie  zoologique,  of  which  the  first  edition  was  published 
in  1809,  distinguished  the  mammalia  into  Exongul^s,  Amphibies, 
Ongules,  and  Onguicules.  Of  these,  the  Ouf^ules  is  a  natural  division 
which  has  been  adopted  by  Cuvier,  Owen  (Odontography)  and  many 
other  zoologists,  and  has  been  current  in  zoological  literature  for 
half  a  century  before  it  was  applied  by  modem  authors  to  a  dififerent 
and  more  restricted  group  (my  Diplarthra),  in  opposition,  as  I 
believe,  to  the  law  of  priority.  In  fact  the  distinction  of  the  mam- 
malia into  Unguiculata,  Ungulata,  and  Mutica  was  employed  by 
LinnaBus  in  the  twelfth  edition  of  the  Sy sterna  NatursB,  about  a  cen- 
tury earlier  than  the  term  Ungulata  as  preferred  by  Mr.  Lydekker.* 
And  for  placental  gyrencephalous  mammalia  this  classification  is  as 
natural  as  any  one  which  has  been  proposed,  and  is  the  only  one 
available  for  palaeontologists.  In  concluding,  I  refer  to  another 
attempt  at  change  of  a  long-standing  and  generally-accepted  name 
by  modem  authors.  I  refer  to  the  name  Batrachia,  which  it  is 
sought  to  replace  by  the  term  Amphibia.  Although  the  latter 
is  the  better  name,  it  has  not  the  claim  of  priority  by  a  half  century 
at  least  Although  the  early  definitions  were  imperfect,  the  contents 
of  the  class  were  then  the  same  as  now.  The  division  Batrachia, 
used  by  Lamarck  and  Cuvier,  is  uniformly  employed  in  the  herpeto- 
logical  literature  of  the  last  half  century,  except  by  a  few  German 
authors  (e.g.  Wagler),  who  combined  them  with  the  Keptilia  in  one 
division  under  the  name  Amphibia.  Not  only  has  the  name  Am- 
phibia no  claim  on  the  ground  of  priority,  but  the  diverse  uses  to 
which  it  has  been  put  also  render  its  use  undesirable. 

Philadblphia,  Oct.  30,  188/5.  E.  D.  CoPB. 


OBITTJ-A.I&"Sr. 


WALTER    FLIGHT,    D.Sc.(LOND.),    F.R.S.,    &C. 

BoBN  2l8T  JTanuabt,  1841 ;  Dub  4th  Noybmbeb,  1885. 

The  close  of  this  year  has  witnessed  the  termination  of  another 
bright  and  promising  life,  ended  all  too  soon  for  the  hopes  and 
expectations  of  his  many  friends. 

Walter  Flight  was  the  son  of  William  P.  Flight,  of  Winchester, 
in  which  city  he  was  bom  on  the  21st  January,  1841.  He  was 
sent,  after  a  period  of  pupilage  at  home,  to  Queenwood  College, 

*  There  is  one  noteworthy  exception  to  this  argument,  vix.  where  Mr.  Lydekker 
remarks  that  **  Arehanodon  appears  to  ns  to  be  a  form  not  improbably  connecting 
the  bunodont  nngnlatee  like  hlotherium  (with  which  it  has  been  classed)  with  the 
ungnicolate  mammals,*'  etc.  Now  this  proposition  is  in  opposition  to  theoretical  and 
actual  mammalian  phylogeny,  as  I  have  remarked  in  the  American  Naturalist,  1884, 

L718.  It  is  impossible  for  any  Artiodactyle  mammal  like  Elotherium  to  have 
)ci  connection  with  an  unguiculate.  The  genealogical  line  must  pass  backwards 
through  a  taxeopod  line,  and  then  downward  into  or  through  the  bunotherian,  to 
complete  such  a  connection. 
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Hampshire,  in  the  days  when  George  Edmondson  was  head  master, 
and  Tyndall  and  Debus  were  the  teachers  of  science. 

From  Queen  wood  he  went  to  the  University  of  Halle,  where,  in 
the  Laboratory  of  Prof.  Heintz,  he  specially  applied  himself  to 
chemistry  during  the  winter  session  of  1863-64. 

During  1864  and  1865  he  studied  at  the  University  of  Heidelberg, 
where,  in  the  Laboratories  of  the  celebrated  Professors  Bunsen,  Kopp, 
and  Kirohho£f,  he  devoted  himself  earnestly  to  aoquire  that  thoroi^ 
knowledge  of  the  various  branches  of  theoretical  and  practi^ 
chemistry,  and  that  marked  facility  for  overcoming  experimental 
difficulties  which  characterize  the  practised  and  careful  worker. 
From  Heidelberg  Flight  passed  to  the  University  of  Berlin,  where 
he  remained  until  1867,  studying  and  working  in  Prof.  Hofmann's 
Laboratory,  and  for  a  time  filling  the  office  of  his  Secretary  and 
Chemical  Assistant. 

Keturning  to  England  in  1867,  he  graduated  D.Sc.  in  the 
University  of  London,  and  in  the  following  year  was  appointed 
by  the  Senate  to  the  office  of  Assistant  Examiner  under  Prof.  Debus 
(his  former  teacher  at  Queen  wood).  On  the  5th  September,  1867,  Dr. 
Flight  was  appoint-ed  an  Assistant  in  the  Mineralogical  Department 
of  the  British  Museum,  and  a  Laboratory  was  fitted  up  for  his 
use.  Here,  under  the  direction  of  Prof.  Maskelyne,  the  Keeper  of 
Mineralogy,  he  commenced  a  series  of  researches  into  the  chemical 
composition  of  the  mineral  constituents  of  meteorites  and  the 
occluded  gases  they  contained.  Many  of  the  methods  by  which  he 
carried  out  these  investigations  were  originated  by  him  in  the  course 
of  his  researches,  and  displayed  in  a  remarkable  degree  his  skill  and 
ingenuity  in  chemical  manipulation. 

He  was  shortly  after  this  date  appointed  Examiner  in  Chemistry 
and  Physics  at  the  Royal  Military  Academy,  Woolwich,  and  in  1876 
Examiner  to  the  Royal  Military  Academy,  Cheltenham. 

For  several  years  Dr.  Flight  served  on  the  Luminous  Meteors 
Committee  of  the  British  Association,  to  which  he  lent  much  valuable 
assistance. 

Between  the  years  1864  and  1883  he  was  author  of  twenty-one 
original  papers,  embracing  descriptions  of  the  Cranboume,  Rowton, 
and  Middlesborough  Meteorites,  which  appeared  in  the  Philosophical 
Transactions  ;  and  "  A  Chapter  in  the  History  of  Meteorites,"  which 
appeared  in  a  succession  of  twenty-three  articles  in  the  Gbolooioal 
Magazine  in  1875,  1882,  and  1883.  He  was  also  joint  author  or 
contributor  of  results  to  many  other  papers,  chiefly  vrith  Professor 
Story-Maskelyne,  F.R.S.,  on  the  Mineral  Constituents  of  Meteorites, 
as  the  Busti,  the  Manegaum  and  the  Breitenbach  Meteorites,  read 
before  the  Royal  Society  between  1870-71. 

Dr.  Flight  was  elected  to  the  Royal  Society,  June  7th,  1883. 

In  1884  he  was  seized  by  illness  which  prostrated  his  mental 
powers,  and  rendered  it  needful  for  him  to  resign  his  appointment  in 
the  British  Museum  in  June  last,  and  notwithstanding  every  care 
which  medical  skill  or  affection  of  friends  could  devise,  he  succumbed 
on  4th  November,  leaving  a  wife  and  three  young  children  to 
deplore  his  early  loss. 
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